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NEW FROM 
‘Tra nsitron 


MICKO-T 


(A MESA MICRO-TRANSISTOR) 


e SILICON DIFFUSED 
e HERMETICALLY-SEALED 
e ALL-GLASS PACKAGE 


INTRODUCING THE FIRST SERIES IN A 
COMPLETE LINE OF MICRO-TRANSISTORS 


Development of the MICRO-T — first silicon 
diffused mesa micro-transistor in an hermetically 
sealed all-glass package — represents a major step 
forward in microminiaturization. As compared with 
conventional ‘“‘metal can” configurations, the 
MICRO-T’s hard glass packaging embodies a signifi- 
cant improvement in the hermetic seal between leads 
and package. Reliability is substantially increased; 
possibility of leakage is sharply reduced. 

This new series of 45-volt micro-transistors is the 
first designed for small-signal low-level applications, 
with current operating range from 50 microamps to 
20 milliamps. Other electrical characteristics include 
Seeshbems an Res of 100 to 200 ohms; minimum Betas from 20 


a) to 80; cut-off frequencies of over 50 megacycles. 


ye Perfectly compatible with present circuitry, MICRO-T’s 
“ = will facilitate microminiaturizing in such critical 
areas as airborne, space vehicle and missile applica- 
tion. They are 1/20th the size of the TO-5, and 

1/5th that of the TO-18. 
peers The first five types of MICRO-T’s are available now. 
hecineiee oe For full information, write for Bulletins No. PB-78, 


Resistance | 25°C Ambient 


(Ohms) (mW) (Amplifier types) and PB-79, (Switching types). 
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N/D PROGRESS REPORT 


nuclear energy section of research and development 


THE EVOLUTION OF SPECIAL ALLOY BALL BEARINGS 
FOR CONTROL ROD DRIVE MECHANISMS IN WATER 
MODERATED, LIQUID METAL AND GAS COOLED REACTORS 


Since 1949, New Departure’s Nuclear Energy Section 
of Research and Development has been working in 
the development of special ball bearings for nuclear 
reactor applications. These applications have posed 
highly unusual design problems in that, for example, 
such obstacles as high purity water environment and 
radiation were never before contended with by a ball 
bearing manufacturer. Following is an outline of the 
most significant engineering deyelopments in nuclear 
reactor ball bearings including current N/D projects on 
ball bearings for future nuclear reactors in land, sea 
and air installations. 


. saad 
Cobalt base alloy raceways clad 


= on stainless steel ball bearings. 
Water Moderated Reactors—In the early days of 
nuclear reactor development, it was assumed that 
standard ball bearings would operate satisfactorily 
in the water moderated system control rod drive 
mechanisms. However, standard bearings seized, 
galled, corroded and wore severely in the high tem- 
perature, high purity water environment. 

New Departure, in cooperation with a leading metal- 
lurgical firm, developed present techniques for mak- 
ing ball bearings from cobalt base alloys. These 
bearings with refinements are currently being used 
on a majority of the control rod drive mechanisms 
operating today. 

Gas-cooled Reactors—At the present time, New 
Departure’s Nuclear Energy Section is working on 
new ball bearing designs, theories and materials for gas 
type reactors employing helium and other gases, 

to be used in land, sea and air applications. 


Liquid Metal Systems—New Departure has pro- 
duced test samples for operation in liquid metal 
medium. One project recently completed was the 
development of design criteria for friction wear and 
scoring resistance of bearings lubricated with liquid 
mercury. 


Cobalt Alloy Clad Upon Stainless Steel—N/D con- 
tinued development work on cobalt base alloy bear- 
ings because some proved sensitive to shock loading. 
The result was the development of a technique of 
cobalt alloy clad upon stainless steel on which N/D 
holds the patent. 


NS Savannah— More recently, New Departure was 
asked to assist in recommending ball bearings for 
the reactor to be used in the NS Savannah. In’'this 
application, the bearings are to run unlubricated 
in a high temperature, high pressurized water 
environment for a given number of revolutions. 
Following design recommendations, N/D developed 
the ball bearing for use in the prototype assembly, 
and is currently supplying production bearings for 
the NS Savannah’s control rod drive mechanisms. 


NS SAVANNAH 


N/D Performance— With a history such as this, N/D 
engineering experience and facilities are ready to help 
you meet stringent operating requirements as well as 
tight delivery schedules. 


If you would like ball bearing application assistance, 

contact the N/D Sales’Engineer in your area, or call 
or write New Departure, Division of General 
Motors Corporation, Bristol, Connecticut. 


NEW DOLE PCARTURE 


BALL BEARINGS - PROVED RELIABILITY YOU CAN BUILD AROUND 
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INMANCO miniature motor slot insulators are made from thin, tough, heat- 
resistant Mylar and Teflon films 


where miniaturization is a 
‘‘must’’—specify 
ag 


Motor Slot 
Insulators for... 


More and more, miniaturization is becoming an important considera- 
tion in the fast-moving electrical and electronic fields. Uniformly 
accurate INMANCO engineered motor slot insulators invariably fill 
the bill where miniaturization is a ‘‘must’’ because they can be pre- 
cision fabricated from materials which are both thin in thickness and 
heat resistant in character as well as being tough and durable. Be- 
cause of the wide choice of these materials, INMANCO motor slot 
insulators can be made with the exact properties required for the 
specific miniaturized application. Other typical materials from which 
you may choose are glass cloths coated with Teflon, epoxy, or 
isocyanate resins; or any of the various Mylar Paper, Mylar Dacron, 
or Mylar Cloth Combinations. Specify INMANCO fabricated parts 
whether the job is miniature or mighty. 

Write for INMANCO product information or send blueprint. 


miniaturization requiring insulators both 
thin in thickness yet tough and durable 
resistance to electrical breakdown over 
a wide range of temperatures 

severe conditions where units are subject 


to vibration, shock, high temperatures. 
“Mylar®" and “Teflon®" are Du Pont trademarks 


mm ee ew ew ee eee eee 


INSULATION MANUFACTURERS CORPORATION 


(0) Se 
Inmaneo 565 West Washington Boulevard, Chicago 6, Illinois 
Branch Offices, Representatives, and Distributors in Principal Cities 
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TO EXCELLENCE 
IN PW BOARDS 


FUNNEL FLANGE 
EYELETS 


Only the United Funnel 
Flange Eyelet contributes that 
greater mechanical strength, 
improved reliability and uni- 


COMPONENT INSERTING 
MACHINES 
AUTOMATIC EYELETING 


MACHINES Only from United can you get 


a complete line of high preci- 
sion DYNASERT Component 
Inserting Machines that cut 
component inserting costs up 
to 80%! If you insert only a 
few hundred components a 
week DYNASERT machines 
should be considered. 

DYNASERT Component In- 


Only United offers such a 
complete line of Eyelet Set- 
ting Machines. These are 
backed by more than 50 
years’ experience in the de- 
sign and manufacture of pre- 
cision production machinery 
for industry. The United 





form circuitry so necessary 
for achieving a superior PW 
or Etched Circuit Board. Wide 
range of sizes and lengths 
meet all board needs. 


Model G Eyeleting Machine 
feeds eyelets automatically, 
and is equipped to compen- 
sate for variations in board 
thicknesses for more depend- 
able production. 


serting Machines automati- 
cally feed, trim, bend leads, 
insert components and clinch 
with uniform results. Highly 
engineered single or multi- 
stage machines available. 


New Eyelet Selector — FREE 
Simplify design, purchas- 
ing, inventory, and pro- 
duction. Decide the hole 
size and grip, and set the 
calculator to find the exact 
eyelet you need. Send for 
your free copy today! 


These “3 Steps to Excellence’? — Funnel Flange 
Eyelets, Automatic Eyeleting Machine, and Com- 
ponent Inserting Machines . . . can provide that 
vital extra margin of dependability and value in 
your PW or Etched cain. And the investment is 
surprisingly small. Call or write for complete details. 


UNITED SHOE MACHINERY CORPORATION 
140 Federal Street, Boston, Mass. * Liberty 2-9100 
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A strange combination of Nature’s forces at Bell 
Laboratories foreshadows the day when world-wide 
phone calls may be relayed via man-made satellites 
orbiting the earth. It is a union of synthetic rubies and 
extreme cold, making it possible to amplify microwave 
signals from these satellites clearly. 

Synthetic rubies possess an extraordinary property 
when deeply chilled and subjected to a magnetic field. 
They can be excited to store energy at the frequencies 
of microwave signals. As a signal passes through an 
excited ruby, it releases this energy and is thus ampli- 
fied a thousandfold. 

Bell Laboratories scientists chose a ruby amplifier 
because it’s uniquely free of “noises” that interfere with 
radio signals. For example, it doesn’t have the hot 


Bell Laboratories research with 
chilled ruby amplifiers speeds the 
day we may telephone via satellites 


cathodes or hurtling electrons that generate noise in 
conventional amplifiers. It is so quiet that only the 
noise made by matter itself in heat vibrations remains. 
But at a temperature close to absolute zero, this also is 
silenced. Even very faint signals from satellites can be 
clearly amplified and studied for their possibilities. 


Bell Laboratories scientists were first to discover 
that matter itself generates electrical noise. They also 
discovered that stars send radio waves, and thus helped 
found radio astronomy. It is particularly fitting that 
the same scientists, in their endless research on noise, 


should now battle this number-one enemy of telephony 
in the dramatic new field of communication via satel- 
lites. The ultimate goal, as always. is the improvement 
of your Bell System communications services. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Electro-Technology 


Heat Flow Your Classification: 


Extended Surfaces for Heat Transfer: 


1—Longitudinal Fins of Rectangular 
Profile 


The first of a five-part series of articles deriving and demon 
strating design methods for extended-surface heat transfer. 
Longitudinal fins of rectangular profile are fundamental and 
are used for the initial basic development of the analysis. 


A. D. Kraus, Sperry Gyroscope Co., Great Neck, L. L, N. Y. 


Electro-Technology 1961 February p 72 8 pp 


Science and Engineering 
Physics 

Materials, Electrical/Electronic 
Electrical Insulation and Dielectrics 


Your Classification: 


* The Fundamental Nature of 
Electrical Breakdown 


An exposition of the various aspects of the subject for the 
systems and design engineer, including classical concepts of 
the mechanisms of breakdown, the effects of time lags, the 
influence of variables, and the relationships between break- 
down and the nature of the dielectric (primarily electron 
behavior and molecular structure). A minimum of mathematics 
is employed, with physical illustrations and analogies being 
used as much as possible. 


J. C. Devins and A. H. Sharbaugh, General Electric Research 
Laboratory, Schenec tady, N. Y. 


Electro-Technology 


1961 February p 103 20 pp 


Systems Your Classification: 
Control Case Histories 


A Proportional Logic System 


Logic functions of digital techniques and the proportional 
function of analog systems are combined in a process-control 
system to correct four conditions of material in-feed misalign- 
ment. Since normal logic elements are not proportional, a 
proportional coincidence gate was devised, the design of which 
is desc ribed 


W. H. Price, Il, Senior Engineer, Airpax Electronics, Inc., 
Milwaukee, Wis 


Electro-Technology 


1961 February p 138 212 pp 


in this issue 


Materials, Electrical /Electronic 


Your Classification: 
Magnetic Materials 


* Advances in Magnetism and 


Magnetic Materials 


Selected papers presented at the Sixth Annual Conference on 
Magnetism and Magnetic Materials are reviewed and _inter- 
preted for the design engineer. Included are theoretical aspects 
of the conference, and sections reviewing new aspects of thin 
metallic films, oxides, high coercive materials, metals and 
alloys, and soft magnetic materials. Charts and graphs illus- 
trate many points brought out in the text. 


H. E. Barkan, Associate Editor, Eve rRO- TECHNOLOGY. 


Electro-Technology 1961 February p 80 9 pp 


Science and Engineering 
Network Analysis 
Mcthematics 


Your Classification: 


* Reliability through Redundancy 


and Error-Correcting Codes 


The problem of reliability assumes serious proportions when 
ever numerous hardware components and transmission of large 
amounts of data of informational and control nature are in- 
volved. Beyond the very definite limits of components improve- 
ment, the problem must be attacked by using redundant com- 
ponents and circuits, Principles of redundancy in equipment 
and coding in data transmission are discussed; examples 
illustrating applications are given. 


L. S. Schwartz, New York University, New York, N. Y 


Electro-Technology 


1961 February p 123 8 pp 


Components, Electrical /Electronic 


Your Classification: 
Transducers 


Small Encoder Offers 
Fine Angular Resolution 


Angle encoder provides a total count of 360.000 with one 
revolution of the input shaft, thus providing readings to thou- 
sandths of a degree. A description of the electronic “vernier”™ 
system used to provide fine angular resolution is given. 


W. R. Knapp, Jr., Norden Diy., United Aircraft Corp., Mil 


ford, Conn. 


Electro-Technology 
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e Quick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


* Reprints available—see pages 160 and 162 


For your copy of the ELECTRO-TECHNOLOGY Subject Classification for Indexing, circle Number 938 on postcard at end of book. 


Components, Electrical/Electronic Your Classification: 


Analyzing Failure Rates in 
Electronic Components 


Variables in component manufacture and application impose 
difficulties on accurate statistical analysis of reliability. Typical 
faults caused by such variables are discussed. Failure data for 
specific equipments under given operating and environmental 
conditions are presented. 


G. W. A. Dummer, Royal Radar Establishment, Great Malvern, 
England. 


1961 February p 89 4 pp 


Electro-Technology 


Materials, Electrical /Electronic Your Classification: 


Electrical Insulation and Dielectrics 
Conductor Materials 


Electrical Insulation System for 
350 C Wafer-Coil Transformers 


Results of a Navy Bureau of Ships-sponsored investigation to 
develop techniques and materials for design of wafer-coil type 
of audio, pulse and filament transformers for 350 C service. 
Report presents comparative performance data on various ma- 
terials. End design uses inorganic interlayer insulation, alu- 
minum foil conductors, and aluminum oxide powder for 
potting purposes. 


B. L. Sawyer, Sylvania Electric Products, Inc., a subsidiary of 
General Telephone & Electronics Corp., Ipswich, Mass. 


1961 February p 131 4 pp 


Electro-Technology 


RESEARCH HORIZONS this month: 


Recent developments in optical masers are reviewed; details 
of devices announced by Bell Telephone Laboratories, Hughes 
Aircraft Company, Raytheon and IBM are covered ... An 
improved magnetoresistive device is described in terms of 
possible practical applications . . . Research projects in 
metals at New York University College of Engineering Re- 
search Division are summarized. 


Selected Metals Research Projects 
Developments in Optical Masers 


Improved Magnetoresistive Devices 


FEBRUARY 1961 


Components, Electrical/Electronic Your Classification: 


Semiconductor Devices 


Semiconductor Electronics 
5 —Transistor Amplifier Design 


The first step in designing a transformer is to determine the 
load line and operating point. Various other factors (small- 
signal parameter variations and maximum ratings) must also 
be taken into account. This fifth article in the series is of 
a practical application nature with complete information on 
the actual design of various amplifier types. 


A. A. Sorensen, Space Technology Laboratories, Inc., Los 
Angeles, Calif. 


1961 February p 93 10 pp 


Electro-Technology 


Science and Engineering Your Classification: 


Physics 
Network Analysis 


Network Synthes's: Somme Notes on 
the Synthesis of RLC Transfer 
Functions and Constant-Resistance 
All-Pass Lattice Ne‘ work: 


The basic principles of network synthesis fas presented in 
Dr. Weinberg’s Science & Engineering articfe in the January 
1961 issue of ELEcTRO-TECHNOLOGY) are applied to the syn- 
thesis of RLC transfer functions and constant-resistance all- 
pass lattice networks. 


L. Weinberg, Hughes Research Laboratories, Malibu, Calif. 


1961 February p 135 2 pp 
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COMING UP... 


The Science & Engineering insert for March, 27th in the 
series, examines Statistics, Probability and The Theory of 
Games from the design engineering viewpoint. Also in 
March: Unitized Component Assemblies, Quiet Wiring, 
Variable Speed Drives, Aluminum Solders, Part 2 of the 
new series on Extended Surfaces for Heat Transfer, 
Effect of Nuclear Radiation on Components and 
Systems, Compatability of Magnet Wire with Encapsul- 
ants, The Forum: Computers in Control Systems— 
Machine-Tool Control, and Part 6 (concluding) of the 
series on Semiconductor Electronics—Non-Linear and 
Switching Operation. Watch also for announcement of 
availability of a combined 6-part reprint of this last series. 





Presents opportunities 

for personnel qualified for 
the following openings 
located at Dayton, Ohio 


RESEARCH & DEVELOPMENT 


DATA TRANSMISSION ENGINEER: For advanced plan- 
ning in ON-LINE REAL TIME SYSTEMS. Applica- 
tions would generally be focused on large-scale 
business and finance operations. Appropriate engi- 
neering degree and 6-10 years of experience necessary. 
SEMI-CONDUCTOR RESEARCH PHysicisT: Ph.D. Phys- 
icist with 2-3 years’ minimum experience in semi- 
conductor R & D. 

ELECTRONIC ENGINEER: Openings in commercial or 
military R & D up to staff or project level. Circuit 
and logical design utilizing advanced concepts. B.S. 
Degree plus experience necessary, M.S. preferred. 
maGnetics: Ph.D. Physicist with primary interest in 
magnetics research, experience beyond doctoral work 
required. 

SYSTEMS ENGINEER: B.S. or M.S. in Electrical Engi- 
neering with interest in development of business 


machine systems with 3-6 years of experience which 
should include some advanced circuit design prefer- 
ably for Computer Development, but other may suffice. 
DIGITAL COMMUNICATIONS PROJECT LEADER: 6-10) 
years’ experience in military R & D projects re ‘lated 
to Digital Communications. Background in circuits 
or systems desirable as well as some supervision. 
OPERATIONS RESEARCH SPECIALIST: With interest or 
experience in Business Systems Research. Must _ 
utilized advanced OR techniques, prefer Ph.D. 
equivalent. Position entails research group sor led e 
involving interrelated complex business functions. 
APPLIED mECcHANICS: Mechanical Engineer with M.S. 
Degree and specialization in applied mechanics and 
vibrations of high-speed mechanisms. Man selected 
must be able to provide self-guidance, even though 
competent leadership is available to assist in further 
professional erowth. 


ELECTRONIC DATA PROCESSING 


PROGRAMMERS 
The NATIONAL line of EDP systems including the 


304, 315 and 310 provides the basis for interesting 
and effective work in any operation wherever money 
or merchandise is handled. Stability and growing 
responsibility are characteristic of the climate at 
NATIONAL whether your work is in one of our 
Data Processing Centers or with our Data Process- 
ing Systems and Sales group in support operations. 
General qualifications for present openings are a 
college degree and experience with a tape system 
applied to business or financial functions. 
SALES suPpPORT: At least two years of programming 
experience plus B.S. or M.S. in Business Administra- 
tion or Mathematics will qualify for challenging work 
with EDP sales organization. Opportunities are varied 
and include: 

Programming 

Manual Writing 

Systems Analysis 

Programming Research 

Programming Instructor 


CUSTOMER SITE REPRESENTATIVE: Locations 
will vary. Qualifications require broad experience in 
programming, operation and systems analysis. Must 
have worked with tape systems and be familiar with 
computer-user problems. Training given at Dayton 
prior to installation assignment. 


For these and other professional level opportunities 
in challenging areas of work, write to: 


T. F. Wade, Technical Placement G12 
The National Cash Register Company 
Main & K Streets 

Dayton 9, Ohio 


* TRADEMARK REG. U.S. PAT. OFF. 


* 


ELECTRONIC DATA PROCESSING 


THE NATIONAL CASH REGISTER COMPANY, DAYTON 9, OHIO DIVERSIFIED CHEMICAL PRODUCTS 


i PTT CORPORATIONS ADDING MACHINES + CASH REGISTERS 
ONE OF THE WORLD'S M ci ACCOUNTING MACHINES + NCR PAPER 


77 YEARS OF HELPING BUSINESS SAVE MONEY 
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RESEARCH Horizons 


Edited by Auex. E. Javitz, Special Features Editor 


Selected 
Metals Research Projects 


Several particularly interesting __ re- 
search projects in metals are sum- 
marized in the current annual report of 
the New York University College of 
Engineering Research. Here are some 
highlights: 


e Effects of Surface Conditions on 
the Fracture and Deformation of Ma- 
terials. The study includes both liquid 
and solid surface coatings on ionic 
compounds such as lithium fluoride and 
sodium chloride as well as on metals. 
Special attention is being given to the 
formation of microcracks, their stabiliz- 
ation and propagation, and the role 
of the slip-band intersection at the sur- 
face on fracture. The use of salts 
allows microscopic examination of in- 
dividual dislocations and their move 
ment and the formation of slip bands 
by use of polarized light. To date, the 
embrittlement of certain previously 
ductile metals has been accomplished 
by liquid coatings. Also, solid coatings 
have increased the strength of both 
salt crystals and metals. It should be 
possible eventually to predict the in- 
crease in strength produced by the 
various surface coatings. 

e Embrittlement in Titanium-Alu- 
minum Alloys. The investigation is con- 
cerned with the determination of the 
structure of Ti,Al and its mechanisms 
of decomposition. As Ti-Al alloys ex- 
hibit brittleness when the aluminum 
content exceeds 8 per cent, it is hoped 
that additional information on _ this 
phenomenon can be obtained from this 
study. A recent study of the alloy Ti- 
8Al-8Zr-1(Ta-Cb) showed embrittle- 
ment at elevated temperatures under 
stress. It was possible to explain the 
phase changes of the alloy on the basis 
of the Ti-Al system; some understand- 
ing of the loss of ductility was achieved. 


comm RESCATCH Note» 


THE COMMUNICATION of intelligence by 
light waves, long the goal of many scientists 
and engineers, has received a considerable 
boost through recent developments in ef- 
forts to obtain an optical maser (or 
“laser”). At least four companies have 
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Also in the area of titanium-alumi- 
num alloys is the work in progress 
dealing with the determination of the 
phase equilibriums in such systems. 
This work is of considerable practical 
importance since aluminum is one of 
the most widely used alloying agents 
in titanium and contributes high-tem- 
perature strength to Ti-Al alloys. 

e Protective Coatings. A_ recently 
completed study was concerned with 
producing a stable ceramic coating on 
an oxide substrate that could withstand 
corrosive and heat shock conditions. 
Al,O, coatings of varying thickness 
were produced by vaporizing aluminum 
in a vacuum poisoned by _ small 
amounts of oxygen. The aluminum 
vapor was deposited on the cooled sub- 
strate and simultaneously reacted with 
oxygen to give Al-Al,O,. The aluminum 
was then further oxidized to produce 
an all Al,O, deposit. Also investigated 
were means for protecting tungsten 
against oxidation under conditions that 
might be encountered during a flight 
through the outer atmosphere. Tem- 
peratures of 3350 F were attained with 
ceramic and metal-ceramic coatings on 
tungsten wires, in still air exposure 
tests for short periods of time. The 
study is contributing to the knowledge 
of reactions in metal-metal compound 
and metal-oxide compound structures 
at elevated temperatures, among other 
objectives. 

e Propagation of Phenomena in 
Metals at Sonic Speeds. Ultrahigh- 
speed microscopic equipment is being 
constructed to carry on studies in this 
field. Two phenomena already under 
investigation are brittle fracture and 
plastic deformation. 

e The possibility of developing poly- 
mer resins based on organics derived 
from titanium is still another N.Y.U. 
project of considerable potential in- 
terest. Such resins are expected to 


Developments in Optical Masers 


recently announced the achievement of 
such sources and, although practical, every- 
day transmission by light waves may be 
some time away, the prospects now appear 
promising. The goal is important, of 
course, since successful communication in 


exhibit much higher heat resistance 
than conventional organic resins. It 
has been established that organic de- 
rivatives of titanium can be made 
which have reactive groups that follow 
the chemically expected reactions and 
form resins that are titanium deriva- 
tives in coherent, highly heat-resistant 
form. 

A parallel study is developing high- 
temperature fluids based on organic 
derivatives of titanium. To date, chemi- 
cal complexes have been developed in 
which the organic derivatives of tita- 
nium are combined with the organic 
derivatives of other metals, the new 
materials having very high flame 
points and heat-decomposition ranges. 


Government-industry 
Measurement Research 


A series of measurement research con- 
ferences have been held by specialists 
from industry and technical staff mem- 
bers of the National Bureau of Stand- 
ards. Industry representatives included 
project engineers, systems design en- 
gineers, and heads of standards lab- 
oratories. Overall purpose of the con- 
ferences was to focus attention on 
existing serious problems in the field, 
the so-called “measurement pinch.” 
Particularly critical is the lack of na- 
ional standards in many areas, and 
the need for new measurement con- 
cepts and techniques. 

The recent conferences were devoted 
to the following subject areas: 


Microwave Power and Attenuation 
Internal Diameters and Surface Flat- 
ness and Finish 
Gears 
Infrared, Temperature and Humidity 
Measurements. 
Future meetings will deal with ra- 
dio-frequency measurements and shock, 
vibration, force and acceleration. 


‘opevaneavencerncoencenarennerocaveennusnccenecaneagemanevsenovaccecosencevgeevovenvenseanevaoenseervanevenenuencseneengennvenoengneccesoeescusamssnenacenceensigeavncaveeaavenennemontesvesonsnconsnaneanneassaccvactaneagnengeatensnitsaueensesconnunsvogiuvanesvcnngosrvennesasitivity 


the light bands of the electromagnetic 
spectrum would considerably increase the 
number of usable wavelengths (other side 
benefits will also be noted later). The use 
of light waves for communication has al- 
ways been impossible because of the lack 
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Research Note 


of any way of obtaining a light beam that 
would be sufficiently coherent and mono- 
chromatic. 

The coherence of a wave is essential in 
communications since otherwise it cannot 
be modulated, amplified, or detected. 
Coherent radiation is defined as having 
definite phase relationships between radia- 
tion at different positions in a cross section 
of the radiant energy beam. In incoherent 
radiation these relationships are random. 
Sources of light such as incandescent lamps 
are incoherent since they simultaneously 
generate energy ata number of frequent ies. 
The energy emitted by an optical maser 
has been proved to have a high degree of 
coherence y. 

@ One of the organizations which has 
recently announced successful work on 
optic al masers is Bell relephone Labora- 
tories. The heart of the device is a syn 
thetic ruby rod, 1% in. long and 1% in. 
diam. The two ends of the rod are polished 
until extremely flat and parallel, after 
which they are covered with reflecting 
layers of silver, thin enough to be slightly 
transparent. The ruby rod is held in th 
center of a spiral photoflash lamp. When 
sufficient power is applied to the flash lamp, 
a nearly parallel beam of light is emitted 
through the silvered ends. This light is red 
like the ordinary fluorescent light from the 
ruby. (In most of the devices tested to 
date, one end of the rod is silvered solidly 
and one end is left about 2 per cent trans 
parent to obtain radiation in only one 
direction. ) 

The ruby is crystalline aluminum oxide 
with a small fraction of the aluminum 
atoms replaced by chromium atoms. These 
chromium atoms are the source of the red 
fluorescence Their optical behavior ean be 


west lieve 


Fig. 1 


ruby crystal. 


fluorescence 


width = 


Fig. 2—Distribution of intensity with 
fluorescence and 


frequency for usual 
stimulated emission. 
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Energy levels of the atoms in the 


described in terms of the different amounts 
of energy, or energy levels, which atoms 
can possess. An atom at rest cannot store 
energy in continuously variable amounts. 
It can exist only in one of a well-defined 
set of energy levels. Ordinarily an atom 
will have the lowest of the possible energy 
levels. It can be raised to a higher level by 
absorbing light and, from that excited 
state, it can relax back to a lower level by 
emitting light. 

However, just as the atoms exist only in 
discrete energy levels, they respond only 
to light of specific frequencies. There is a 
close correspondence between these critic al 
frequencies and an atom’s possible energy 
levels. Each frequency is proportional to 
the difference in energy between two of the 
levels. When an atom is illuminated with 
light having one of its critical frequencies, 
it will absorb a quantum of that light and 
jump to a higher level. When it relaxes to 
a lower level, it may emit light. If it does, 
it will emit a quantum of light of the ap- 
propriate frequency. 

In the usual fluorescence of ruby, light 
in the green region excites some of the 
chromium atoms in the ruby to one of their 
higher energy levels. The atoms rapidly 
relax to an intermediate level which is still 
above the original level. Then, somewhat 
more slowly, they relax from the inter- 
mediate level to the original level, emitting 
red light in the process (Fig. 1). The 
frequency of the red light is lower than 
that of the green light because the energy 
difference in the second relaxation is less 
than the energy difference involved in the 
excitation 

The level from which the chromium 
atoms take their second jump down is 
often called “metastable” because the atoms 
are more reluctant to leave it than they 
are to leave the higher level to which they 
were originally excited. The optical maser 
makes use of the fact that the atoms can 
be stimulated to leave the metastable level 
more readily than they ordinarily would 
This process is termed “stimulated emis 
sion” and it occurs when the atoms are 


y 
U 


Fig. 3 
maser. 


Schematic of Raytheon optical 


bathed in light at a frequency similar to 
that which they wish to emit. The stimu- 
lated emission of light, in contrast to 
spontaneous distinguishes the 
action of the maser from that of ordinary 
fluorescence. 


emission, 


@ Stimulated emission is achieved by the 
action of the silvered ends on the ruby 
rod. As soon as the first few atoms have 
moved off the metastable level and have 
spontaneously emitted some red light, this 
light is trapped by the silvered ends and 
acts to stimulate other atoms in the 
metastable level. An intense radiation is 
thus built up. It will continue as long as 
the population of atoms in the metastable 
state is constantly restored by pumping 
atoms back up with green light. Some of 
the stimulated red light eventually leaks 
through the mirrors and this is the usable 
output of the maser. 

Only the light which makes many passes 
back and forth through the ruby rod stays 
in it long enough to accomplish much stim 
ulation. Since the stimulated light moves 
in the same direction as the stimulating 
light, the only light which is strongly 
amplified is that which moves parallel to 
the axis of the rod. For this reason, the 
output beam which leaks through the mir 
rors has almost all of its intensity in a very 
narrow cone. In addition, the fact that the 
stimulated light and the stimulating light 
move in the same direction is responsible 
for the coherence of the output. 

The light from the maser is also much 
more nearly monochromatic than the usual 
fluorescence of ruby. This narrowing of the 
frequency band is a result of stimulated 
emission. Although emission can be stimu- 
lated by light of slightly different fre 
quencies from the central frequency, stim 
ulation by the central frequency is the 
most effective. Thus the intensities in the 
band of frequencies put out are more 
sharply peaked around the central fre 
(Fig. 2). Researchers at Bell 
Laboratories have narrowed the band by a 


quency 


factor of sixty over the usual fluorescence. 

The light obtained from the Bell Labs 
maser has been found to be emitted in 
intense short bursts, each in the order of a 
millionth of a second long. With the present 
flash lamp, maser action can be sustained 
for about a thousandth of a second, during 
which several hundred of the bursts were 
observed. This, it is felt, indicates that it 
may eventually be possible to modulate the 
signal so that many signals can be trans- 
mitted simultaneously. Experiments have 
been conducted in which the light signal 
from the optical maser was transmitted in 
a straight line through the atmosphere for 
25 miles. Transmission experiments have 
also been conducted through a quarter mile 
of 2-in. diam circular waveguide. Research 
is being carried out to determine the 
luminescent properties of materials other 
than ruby to obtain operation at other 
optical frequencies. 


e@ The Research Laboratories of Hughes 
Aircraft Co. have also developed an optical 
maser. It too consists essentially of a 
cylindrical ruby crystal surrounded by a 
coiled flash lamp. The efficiency of the 
laboratory device is said to be 1 per cent, 
with a theoretical efficiency (prime power 
to radiated power) of possibly 10 per 
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cent. A peak power output of 10 kw has 
been achieved. The 
approximately room 


device operates at 
temperature. How- 
ever, cooling of the crystal to cryogenic 
temperatures results in increasing the 
length of the pulses produced so that con- 
tinuous emission is a possibility. For the 
present the device is pulse excited. 
Scientists at Hughes foresee the use of 
the optical maser as a sort of “light radar.” 
based on the 
fact that the beem radiated by the device 
is almost perfectly parallel. Thus it could 
in principle generate a beam less than a 
hundredth of a degree of are wide which, 
when aimed at the moon, 


This possibility is, in part, 


would illumi- 
nate a lunar area less than ten miles wide. 
\ beam directed at the earth from a 
satellite 1000 miles up could be con- 
centrated into an area about 200 ft wide. 
The minimum spot size into which a 
coherent energy beam can be focussed is 
approximately equal to the wavelength of 
the radiant energy. The optical maser 
emits energy in the very high optical fre- 
quencies where the wave length is between 
15 and 30 millionths in. Energy con- 
centrated in such small areas is very in 
tense and can generate high local heat. 
Figure 3 is a schematic disgrem of a 
scheme for exciting an optical maser de 
veloped by the Research and Microwave 


and Power Tube 


Divisions of Raytheon. 
The device uses a long, slender fl’sh tube 
adjacent to the ruby rod rather than the 
usual helical tube wrapped around the 
ruby. The flash tube and the ruby are 
then placed in focol lines of an elliptic il 
reflector so that all light frem the tube is 
directed at the ruby. The — pencil-like 
xenon tube, which is about 5 in. long and 
Y% in. in diem, requires 150 joules input 
power to produce laser action of about 100 
Using a helical flash 


tube in earlier experiments, about 2000 


microsee duration, 
joules was required to achieve the same 
result. 


@ A further 
masers has recently been announced by 
the Research Center of International Busi 
ness Machines Corp. This involves the use 
of materials other than ruby and shows 


development in optical 


promise of achieving a continuous wave 
from the maser rather than pulses. One 
type of crystal used is basically 


fluoride, 


calcium 
which 0.1 per cent of the cal- 
cium ions are replaced by trivalent uranium 
ions. As in the case with the ruby masers, 
the crystal is cut into a cylindrical shape 
and the ends are polished and mirrored. 
The crystal is then placed in a liquid 
helium Dewar and cooled to about —450 
F. Primary excitation is obtained from a 
pulsed xenon lamp shining through a side 
port in the Dewar. 

In contrast to the ruby optical maser, the 
stimulated emission from the uranium 
crystal is in the infrared region (at 2.5 

* microns wavelength). In experiments with 
this setup it has been observed that the 
pumping power (excitation) necessary to 
achieve stimulated emission is lower than 
that required for ruby by a factor of 500. 

Similar experiments have been con- 
ducted using a calcium fluoride crystal 
with divalent samarium ions added. The 
light obtained in this case is at 0.708 
microns in the red portion of the visible 
spectrum, J.R.R. 
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Improved Magnetoresistive Device 


ALL CONDUCTORS SHOW some magnetoresist- 
ance; that is, when placed in a magnetic 
field, their electrical resistance can change 
as a function of the applied field. This is 
particularly true of the intermetallic com- 
pound indium antimonide (InSb), whose 
resistance increases radically with the flux 
density of a perpendicularly applied mag- 
netic field. 

Exploitation of magnetoresistance effects 
in practical devices for measurement and 
control circuits is complicated, however, 
by the creation of a Hall field which masks 
the magnetoresistance changes. When cur- 
rent flows in the device of Fig. 1, and 
magnetic field is present at right angles 
to the current flow, deflecting force is 
exerted upon the electrons by the mag- 
netic field. This forces the electrons to 
trace out paths much longer than without 
the magnetic field, which effectively in- 
creases the resistance of the device. 

The deflection of the electrons, however, 
sets up an electric Hall field across the 
semiconductor at right angles to both the 
magnetic field and the original electric 
potential field that is producing the cur- 
rent flow. The Hall field directly opposes 
the deflecting force of the magnetic field 
and tends to restore the electron flow to 
its original path along the device, thereby 
reducing the magnetoresistance to a small 
fraction of its potential magnitu!e without 
the Hall field. 

A well-known method of reducing the 
Hall field in practical magnetoresistive de- 
vices has been to employ the geometry of 
the Corbino disk, Fig. 2. Unfortunately, 
the disk construction has mechanical dis- 
advantages. To obtain any 
zero field 


appreciable 
resistance, the contact radius 
should be as small as possible (with re- 
spect to the disk radius, which in turn 
is limited in most applications) and the 
disk must be lapped extremely thin. Hence, 
not only is the center contact difficult to at- 
tach, but a hot spot develops in the center 
To accommodate 
the center lead, the magnetic-circuit air gap 
in which the device is inserted must be 
considerably larger than the disk thickness. 
For these reasons, Corbino disks are prac- 
tical only for measurements of low-power 
applications requiring a low zero-field re- 
sistance. 

A method of reducing the Hall field 
rectangular devices is to evaporate narrow 
strips of silver on one or both sides of 
the slab, as in Fig. 3. The silver strips 
effectively short-circuit the opposite elec- 
tric charges which otherwise would estab- 
lish a Hall field, thus allowing the cur- 
rent paths to be deflected by the external 
magnetic field with far less restraint. Some 
Hall field does build up in the bulk of the 
material away from the strips, but this 
can be minimized by making the slabs as 
thin as possible or evaporating strips on 
both sides. 

Figure 4 


that seriously limits use. 


shows test curves of magneto- 
resistance (R,) vs zero-field resistance 
(R,) for rectangular slabs equipped with 
5-mil wide silver strips spaced 60 mils 
apart on one of the broad sides for various 
levels of power dissipation without heat 
sinks: 


Equipotentials 
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Fig. 1 — Origin of Hall field in rectangu- 
lar magnetoresistive devices. 


Fig. 2—Corbino disk configuration to 
eliminate Hall field build-up. 


Silver strips 


Fig. 3— Silver strips evaporated on rec- 
tangular magnetoresistor to short-circuit 
the edge charges responsible for Hall 
field. 


Slab dimensions: 
0.3 X 0.7 X 0.008 in. thick 


Flux nase aaa: 


Fig. 4 — Performance of silver-strip coated 
rectangular magnetoresistors. 


0.2 watts (0.72 watts/sq in.) 

R, = 0.303 ohms, T = 43 C 

0.5 watts (1.8 watts/sq in.) 

R, = 0.253 ohms, T = 60 C 
C. 1 watt (3.6 watts/sq in.) 

RK, = O02 ohms, T = 80°C 
D. 2 watts (7.2 watts/sq in.) 

KR, = 02 chu, 7 = 130'¢ 


With a heat sink to hold the device 
temperature to 135 C, the R,/R, curve for 
5 watts dissipation pretty well matches 
the 2-watt curve obtained without heat 


sink 


WALTER ZIFFER 

Materials Engineering Departments 
WesTINGHOUSE ELECTRIC CORPORATION 
East Pittsburgh, Pennsylvania 
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Two new erasable Intermediates from Ozalid® 
—and why you can probably use them both 


Chances are you’ve two big prob- 
lems with duplicate originals. 

Problem #1: To make correct- 
able dupes that’ll keep their 
quality and dimensions despite 
hard use, age, changes in tem- 
perature and humidity. These 
are the duplicate originals you'll 
update and run off again and 
again . . . use as templates or in 
optical comparators . . . send to 
remote plants or field installa- 
tions . . . hold permanently. 

Problem #2: To make correct- 
able duplicate originals for rou- 
tine jobs. Here you need speed 
and economy. 

Ozalid gives you a hand, with 
two new intermediates you can 
run through any Ozalid machine 
or similar equipment. 


Problem #1: Correctability, 
durability, and permanence 


Solution #1: Scalemaster 102 PC 


Ozalid’s new black-line Scalemaster 
is easily corrected by a simple image 
erasure on the glossy side and a quick 
pencil or ink addition on its excellent 
drafting surface. It keeps original 
contrast between standout black 
image and clean background, gives 
sharp, clear copies fast. 

Scalemaster is made with a polyester 
film base (Du Pont Mylar®). Almost 
impossible to tear. And so tough it’s 
likely to outlast your original draw- 
ings. Thermal dimensional stability ? 
Only .0000025” linear expansion per 
inch per degree Fahrenheit! Perfect 
for templating and size-testing. 

In addition, it resists creasing. 
Wipes clean on both glossy and matte 
sides. And comes in 3-mil (Ozalid 
102 PC-3) and 5-mil (Ozalid 102 
PC-5) weights. 


Problem #2: Correctability, 
fast reprint, and economy 


Solution #2: Ozalid 402 IZE 


We market-tested this new Erasable 
Sepia Intermediate. Here are quotes 
from our salesmen’s call reports: 

“Excited about erasable feature, re- 
print speed’’.. .‘‘likes see-through’... 
“excellent for overlay and map work” 

“worked beautifully in creating 
chart-type masters for adding info”’.. . 

This intermediate has a dark sepia 
image that’s easily removed from the 
specially processed base with an ordi- 
nary eraser... has an ideal matte 
surface for pencil and ink additions 
... reprints far faster than paper in- 
termediates . . . has much greater 
covering power .. . yet will surprise 
you with its low price! 

Best way to find out is to call your 
nearest Ozalid man right now. Re- 
member: his job is to help you do 
your job even better. 


OZALI Dp Johnson City, N. Y., A Division of General Aniline & Film Corp. In Canada: Hughes-Owens Co., Ltd., Montreal 
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600 SERIES 


THE FORGEABLE BEARING ALLOYS THAT 
STAND UP ON THE REALLY TOUGH JOBS! 


600 ALLOY NOSE BEARING WITHSTANDS 
THE PUNISHING SHOCK LOADS OF AN 
IMPACT WRENCH 


This heavy-duty impact wrench takes the rigorous 
punishment of hard industrial use right on the nose. . . 
and right on the 600 Series nose bearing. This bearing was 
especially chosen by the manufacturer because of its ability 
to absorb a range of 1600 to 1800 impacts per minute at a 
torque of from 0 to 250 foot pounds. By specifying 600 bearing 
alloy, the manufacturer gets superior performance from his 
finished product. 


600 ALLOY RATCHET AND DRIVE GEAR BEARING 
TAKES THE TERRIFIC POUNDING OF A 
HIGH POWERED CHAIN SAW 


Professional woodcutters give chain saws a rough time for 
hours on end, all year round, and these rugged saws must be 
built to take punishment. With chain speeds up to 3000 feet 
per minute, the ratchet and drive gear bearings, for example, 
must have a very high strength, hardness and good resistance 
to wear with minimum lubrication. That’s why 600 Series 
Alloy was specified for both parts . . . the ratchet is a forging 
and the bearing was produced from 600 Series rod. 


MUELLER BRASS CO. SPECIALIZES IN ALLOYS FOR DIFFICULT APPLICATIONS 


ae The alloys available from the Mueller Brass Co. range from those having high 

For complete engineering data, write : hardness and wear properties, to alloys that must possess excellent electrical 
today for Special Alloys Kit No. 13. ; oe conductivity, and ones that must have free-machining properties. Let our 
engineers help you select the alloy best suited to your exact application. 


es] MUELLER BRASS CO. Port HURON 38, MICHIGAN 
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DORMEYER 


\ on Wa 03 


er Wt a ee 
FINEST SOLENOID 
Bi tae 


here it is—completely new— 
completely redesigned—the 


DORMEYER 
SUPER-T-LINE 


Check these new and improved features 


e Heavier, Sturdier 
Mounting Brackets 
e Extra Heavy, 
Well Supported Plunger 
@ High Seating Pull without 
excessive AC Hum 
e High Dielectric Bakelite Bobbin 
@ Stainless Steel, Non-Rusting, 
Anti-Residual Spring 
e Larger Contact Area between 
Co-acting Members for 
Longer Life 
e Stronger, Heavy Gauge, Pull-Bar 
® Moisture Resistant Coil 
® Moisture Proofed or Epoxy 
Resin Encapsulated Coils 
available for High 
Humidity Conditions 
@ Design provides for Maximum 
Work without Power Drop-Off 
+ 
More rugged, with greater 
designed-in and built-in depend- 
ability, the new 
Super-T deserves to 
be called “America’s 
Finest Solenoid Line’’. 
Write for Catalog 
today! 


DORMEYER INDUSTRIES 


Also Builders af Special Coils 
and Transformers 


3424 Milwaukee Avenue © Chicago 41, Illinois 
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Plus or Minus 


Random Comments of the Editors and Readers 


Signs of the Times 


We liked an article by Robert K. 
Plumb in The New York Times’ an- 
nual “National Economic Review” last 
month. In taking a close look at the 
nation’s R & D activity in 1960, Mr. 
Plumb quotes the President’s Science 
Advisory Committee: 

“ . . one striking characteristic of our 
scientific age has been the disappearance 
of the barriers between pure and applied 
research. Not only are we finding im- 
portant technological applications for 
mathematical and scientific knowledge 
which was formerly thought of as ab- 
stract and ‘useless,’ but the advance of 
technology has both generated new prob- 
lems in pure science and provided new 
tools with which such science can be 
advanced more effectively.” 


Mr. Plumb goes on to note: 


“The development of radar techniques 
and hardware during the war, for ex- 
ample, gave the pure scientist, chemist, 
and physicist new and more refined tools 
for studying the properties of solids and 
chemical compounds. These ‘pure’ stud- 
ies, in turn, have opened the way to new 
techniques in electronics. In the same 
way, the development of big computers 
has led engineers to find uses for some 
of the most abstruse and impractica 
branches of higher mathematics. . . .” 
In the words of the Committee, basic 
research is “the pacesetter for tech- 
nology and the raw material of inven- 
tion.” All this, we are sure, is no news 
to the engineer readers of ELECTRO- 
TECHNOLOGY, who for some time have 
found in these pages a nutritious diet 
of “abstruse and impractical” matters 
basic to their professional good health. 
== W. E. A. 


For Better Product Design 


There are still a good number of presi- 
dents, vice-presidents, chief engineers, 
sales managers, etc., who care not what 
their products looks like as long as it 
functions according to specifications. 
There are also a good number of the 
above who know that good looks are 
important but still labor under the 
impression that good design costs too 
much. And there are still others who 
believe in good design on their own 
terms—do-it-yourself enthusiasts, who 
more often than not end up paying 
dearly for their sincere but misguided 
efforts. 

I believe that one or more articles on 
good design would be of great value. 
Not “how to” advice, but sound basic 
reasons why (possibly with case stud- 


ies) good design is essential and what 
good resign really is. Without being 
couched in esoteric language and 
shrouded in dynamic spirits, profound 
principles and what have you, such a 
“message” may prove to be one step 
toward deliverance from the relics of 
black  crackle-finished, | screw-head- 
studded and inaccessible creations still 
in existence. 

A study of the reports on the Inter- 
national Design Conference held in 
Aspen, Colorado, would be a good start. 

—P.D.B. 


Product Design Director 
New York, N. Y. 


Correction 


In the article “Iron-Core Devices: Eval- 
uation of Complex Impedances,” De- 
cember 1960, certain errors appeared. 
In Eq (15), p 144, the symbol “e” 
should be “e,”, and in Eqs (25) and 
(26), p 146, the symbol “i,” should be 
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THIS MONTH’S COVER 
Electro-Technology 
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breakdown 


The visual manifestations of electrical 
breakdown — sparking, corona, arcing, 
flashover — are familiar and vivid expe- 
riences. This aspect of breakdown is 
shown on our cover by artist Jan Van 
Eerde. But how, and why, breakdown 
takes place in a dielectric is a serious and 
complex matter that goes to the heart of 
the design and operation of an electrical 
insulation system. The reader will find a 
thorough exposition of this subject (in- 
cluding the practical implications) in this 
month’s Science & Engineering article, 
“The Fundamental Nature of Electrical 
Breakdown,” beginning on page 103. 
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Miniaturization, close control and inherent stability 
are the outstanding characteristics of Edison's new 
model 292 miniature thermostat. Designed specifi- 
cally to meet the requirements of solid state electronic 
packages, this thermostat is ideal for use in small 
crystal and oscillator ovens, computers and electronic 
packages of all types. 


Only 0.317” in diameter and 1.325” long, this Edison 
thermostat features long operational life with little 
drift from the original temperature setting—prolong- 
ing the useful life of the electronic components it 


NEW FROM 


THOMAS A. 


EDISON 


miniature thermostat 
drifts less than 1.5°’c in 
500,000 operations 


controls. Set to a manufacturing tolerance of only 
+ 1°C., it has an operating differential of less than 
2°C at a rated load of 2 ampere at 115 V. ac. or 
28 V. d.c. Available either unset or factory preset to a 
specified temperature, Edison’s mew model 292 min- 
iature thermostat will control temperatures from 
0°C to 180°C. 


Edison’s mass production techniques and many years’ 
experience permit producing this superior thermostat 
at a remarkably low cost. For complete information 
write for publication 3009C. 


Thomas A. Edison Industries 


INSTRUMENT DIVISION 


40 LAKESIDE AVENUE, WEST ORANGE, N. J. 
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Anaconda takes to the road with ideas for 
greater values and higher productivity 


We're in the market with ideas. Ideas 
for doing new jobs—like making tran- 
sistor bases and fluid-cooled conductors. 
Ideas for doing present jobs better— 
helping you match the metal to the job 
more precisely so that you can offer equal 
or greater value and reduce total costs. 

These ideas are embodied in Ana- 
conda’s line of copper, brass, and 
bronze mill products, the broadest in 
the industry—and in the vast pool of 
experience and technical knowledge of 
Anaconda men. 


To put these ideas to work we've 
taken to the road with a traveling 
value-analysis clinic, stopping in indus- 
trial centers all over the country. We've 
a truckload of displays representing our 
principal products to serve as starting 
points for discussions of the ideas. 
We're detaching specialists, technical 
men, mill men, executives to discuss 
and explain the ideas with all manu- 
facturers who can attend the clinics. 

We're also busy generating new ideas 
in an aggressive research and develop- 
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ment program. And we plan to make 
available soon small, balanced value- 
analysis teams to go out in the field and 
work with individual company organ- 
izations—make specific suggestions and 
recommendations regarding materials, 
fabricating methods, design, etc. 
Anaconda is on the move. If you 
have problems in which you think a 
new approach might help—call your 
Anaconda American Brass representa- 
tive. Or write: Anaconda American 
Brass Company, Waterbury 20, Conn. 


60105 


AnaconpA 


COPPER — BRASS — BRONZE 
NICKEL SILVER MILL PRODUCTS 


Anaconda American Brass C ompany 
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Maximum transient voltage 
Protection at lowest cost... 


with new 
General Electric 
IThyrector Diode 


@ Higher reliability at lowest cost © Use lower silicon rectifier PRV ratings ® No aging problem 
@ Eliminate auxiliary resistors ® Eliminate disadvantages associated with capacitive filters © High 


voltage spikes won’t damage Thyrector diodes @ Sharp breakdown characteristic © Low temper- 
ature coefficient. 


Developed as a result of General Electric’s important 2. Choose the optimum G-E silicon rectifier 
new Automatic Continuous Evaporation Process for with transient PRV rating for important 
precision manufacture of selenium rectifiers, G-E added protection. 


Thyrector diodes now make possible a unique 3. Use a portable Transient Voltage Indi- 
3-feature “package” to give you the best possible pro- cator to confirm your design and the 
tection against transient voltages in silicon rectifier effectiveness of Thyrector diodes (we'll 
and controlled rectifier circuits. Just mail us the cou- supply a detailed description of an ex- 
pon for complete information that will enable you to tremely efficient unit you can build at 

design-in triple protection for your silicon rectifier very moderate cost). 
and SCR circuits: One G-E Thyrector diode can often save you 10, 20, 
or even 40 times its cost! Your General Electric Semi- 
1. Design around the G-E Thyrector diode conductor District Sales Manager will be glad to 
for unequalled transient voltage protec- give you complete applications and pricing informa- 

tion at lowest cost. tion. Give him a call today. 


St Se | 
j Rectifier Components Dept., Section 20B3, General Electric Co., Auburn, N. Y. 


Please send me free information on the new G-E Thyrector diode and how 
i it can be used to design-in added transient voltage protection in silicon 
rectifier and SCR circuits. (Check information desired.) 


(1) Technical Data on Thyrector Diodes. {(] “A Portable Transient Voltage 
Indicator for Semiconductor Circuits.” _] “Rectifier Voltage Transients: Their 


Progress ls Our Most /mportant Product Generation, Detection and Reduction.” [_] Specs on G-E Silicon Rectifiers with 


Transient PRV Ratings. 


sede Q@cccnuc , 


Address 
CE Ne State 
2 a TA A I CL | | | PE 
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Simple only in appearance, 

this forward insulating ring supplies 
the high mechanical and electrical 
properties for a critical naval ordnance 
application. Fabricated by CDF 

from glass fabric epoxy tube, this ring 
illustrates an effective combination 

of material properties and 
manufacturing techniques. 

Result: an insulating component 

with high strength-to-weight ratio, 

low water absorption, low thermal 
conductivity, inherent fungus resistance, 


and high dimensional stability. 


CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL - DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE « A SUBSIDIARY OF THE AB epehef- Company 
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from specialized 


Powder Metallurgy Research 


... new uses and improved materials based on 


Nature’s Oldest Element 


ceramic VOLTAGE 
(ferrite) REGULATOR 
MAGNETS DISCS 


FLUXING and PUMP VANES ELECTROCHEMICAL ROCKET 
ING ANODES 


DE-GASS 
TUBES 


Many of industry's most useful components are made 
by Stackpole from Carbon and Graphite Powders. 


FEBRUARY 1961 
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Carbon, its crystalline kin, 
graphite, and various metal 
powders are the raw materials 
of Stackpole Research—a spe- 
cialized branch of powder 
blending and molding aimed at 
developing new uses and im- 
proved manufacturing tech- 
niques for “Everything in 
Carbon but Diamonds.” 


Here, one of many new in- 
struments in the expanded 
Stackpole Research Laborato- 
ries—a nitrogen absorption 
analyzer — measures powder 
surface areas as part of a pro- 
gram to develop economical 
new techniques for milling car- 
bon powders. 





HOW SHOULD YOU EVALUATE POTENTIOMETER ACCURACY ? 


Accuracy in an instrument is more than a matter 
of how closely measured values correspond to true 
values. Some potentiometers, for example, may be 
capable of sky-high accuracy—but only under ideal 
laboratory conditions. Other potentiometers may 
deliver consistent high accuracy . . . higher than 
you actually need . . . with the penalty of excessive 
cost. 


A realistic evaluation of potentiometer accuracy, 
then, involves consideration of stability and repro- 
ducibility as well as stated limits of error. By these 
criteria, Rubicon potentiometers, galvanometers 
and bridges should be YOUR choice. 


By any measure, the new Rubicon 2746 port- 
able potentiometer is an outstanding instrument. 
Ranges O—1.601 and O—0.1601 volts. Limits of 
error are constant, realistic, usable: high range— 
30 microvolts or 0.03% of reading, whichever is 
larger. Low range—3 microvolts or 0.045% of 
reading, whichever is larger. Depend on it for 
consistent accuracy. Write for Specification Sheet 
RS-2746, for details. 
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Rubicon accuracy stems from a long tradition of 
engineering excellence and a pride of craftsmanship 
that is not easily found these days. You can sense 
this about Rubicon instruments, even before you 
put them to work. And today the Rubicon tradition 
of the finest in measuring instruments is being per- 
petuated by both small refinements and major 
advances in design . . . to make the best even better. 
The complete line of Rubicon instruments is avail- 
able through any of the Honeywell branch offices 
across the nation. 


MINNEAPOLIS-HONEYWELL, Rubicon Instruments, 
Ridge Ave. at 35th Street, Philadelphia 32, Pa. 


Honeywell 


HONEYWELL INTERNATIONAL 
Sales and Service offices in all principal cities of the world. 
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ONLY SQUARE D STARTERS 
WITH ONE-PIECE 
OVERLOAD RELAYS 
GIVE ABSOLUTE PROTECTION! 


e Only Square D makes thermal 
overload relays with 1-piece construc- Heat-respon- 
tion—and only with 1-piece construc- ee tens 
tion can you know you've installed the provides accu- 
emi rate response 
heater correctly. Square D 1-piece <cimedanl vet 
overload relays can be installed only prevents nui- 
one way. They are factory-assembled, cance tripping. 
individually tested and calibrated, 
completely tamper-proof. Repeated mit 
tripping will not affect accuracy. RAV a Hat producing element 
You pay for overload protection — or \ = i cancoune ehoceains 
be sure you get it. Insist on Square D TAgNE Vs | 2Cntly joined to solder 
1-piece overload relays for absolute : MD ocised. re 
protection. 


Square D Company 
Department SA-235 

4041 North Richards Street 
Milwaukee 12, Wisconsin 


Please send me information on Square D 
magnetic starters, along with your simple 
3-minute “jig-saw’’ demonstrator 


NAM 
COMPANY. 
ADDRESS. 


CY — $5  ———  — — __________ ZONE__STATE. 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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the most powerful |° 


West i n 9 h ouse New 30-amp ratings, the industry's highest! 


These latest Westinghouse Silicon Power 
Transistors are especially designed for those 

30-amp silicon applications where you need more transistor 
power, extra long-life and extra stability un- 

ad der all operating conditions. Your choice 
rock-to p” of nine devices in this new family—each 


rated at 30 amps.—for greater flexibility 
of circuit design in high-power applications. 


power transistors Other Westinghouse high-performance 


features include: + Exclusive ‘‘rocktop’’ 
ceramic construction for greater reliability 
« Voltage ratings to 200 volts - Double-ended 
case design + Low saturation resistance « 
250 watts power dissipation. 





transistors you can buy... 


Production quantities of the type 115 fam- 
ily are now available. Westinghouse also 
offers the 2N1015 and 2N1016 series of 
Silicon Transistors, ideal as companion 
drivers. Military and industrial applications 
include: power supplies/regulators/ampli- 
fiers/high-power switching/inverters. 

For more information call your nearest 
Westinghouse representative or semicon- 
ductor distributor. Or write: Westinghouse 
Electric Corp., Semiconductor Dept., Young- 
wood, Pa. SC-1012 


You can be sure... if it’s 


Westinghouse 
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For immediate “off-the-shelf” delivery, 
order from these Westinghouse 
Distributors : 


EASTERN 
ACK SEMICONDUCTOR, INC. 
Birmingham 5, Ala./FA 2-0588 
CAMERADIO Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC 
Boston, Mass./CO 7-4700 
ELECTRONIC WHOLESALERS, INC. 
Melbourne, Florida/PA 3-1441 
GENERAL RADIO SUPPLY CO. 
Camden, N.J./WO 4-8560 
GENESEE RADIO PARTS CO. 
Buffalo, N.Y./DE 9661 
KANN-ELLERT ELECTRONICS, INC. 
Baltimore, Md./TU 9-4242 
MILGRAY ELECTRONICS 
New York, N.Y./RE 2-4400 
RADIO & ELECTRONIC PARTS CO 
Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS 
Long Island, N.Y./P1 6-6520 


. 





Pa 


DEES EOT Soa] 


MIDWESTERN 
ELECTRONIC COMPONENTS FOR 
INDUSTRY CO. St. Louis, Mo./WO 2-9917 
INTER-STATE RADIO & SUPPLY CO. 
Denver 4, Colo./TA 5-8257 
LENERT CO Houston, Texas/CA 4-2663 
RADIO DISTRIBUTING CO. 
Indianapolis, Ind./ME 7-5571 
SEMICONDUCTOR SPECIALISTS, INC. 
Chicago, I11./NA 2-8860 
S. STERLING CO. Detroit, Mich./BR 3-2900 
UNITED RADIO, INC 
Cincinnati, Ohio/MA 1-6530 
WHOLESALE ELECTRONICS SUPPLY 
Dallas, Texas/TA 4-3001 


WESTERN 
ELMAR ELECTRONICS 
Oakland, Calif./TE 4-3311 
HAMILTON ELECTRO SALES 
Los Angeles, Calif./BR 2-9154 
NEWARK ELECTRONICS CO 
Inglewood, Calif./OR 4-8440 





A Completely New, Advanced Design 


Bruel& Kiaer 


TRUE RMS LEVEL RECORDER 
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™@ Records all signals DC to 200 kc/s 

@ Accuracy with True RMS readout 

@ Operator freedom by Automatic Controls 
H A Nucleus for Integrated Test Systems 


This is a basic instrument for measuring and recording the 
True RMS, average or peak level of AC signals ranging in 
frequency from 10 c/s to 200,000 c/s and DC to 10 c/s 
signals through an internal chopper. 


Typical fields in which the Level Recorder finds broad appli- 
cation are calibration or frequency response of transducers 
and electronic devices, spectrograms for noise or vibration, 
and reverberation decay curves. 


The Level Recorder design concept serves as the heart of the 
Bruel & Kjaer line of integrated instruments. Smooth running test 
procedures requiring a minimum of operator attention can be 
eiinae set up by utilizing the recorder’s automatic or remote controls 


Please send me and the synchronized tuning drive for companion instruments. 
[-] B & K Brochure on Model 2305 
[_} B & K Complete Line Catalog 


Company 


‘ain 
1B B_& K INSTRUMENTS, Inc. 
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This is a “warhead”. It’s the front end of 
acarrier which darts through a pneumatic 
tube system at speeds up to 20 mph, and 
is subject to frequent shocks and impact. 
There’s a story behind the choice of 
LEXAN® polycarbonate resin for this new 
design ... 

Formerly, destinations were set by con- 
tacts along the entire body of the carrier. 
Engineers of Airmatic Systems Corpora- 
tion, Saddle Brook, New Jersey, reasoned 
that if all the control elements could be 
fitted into a small impact- and wear- 
resistant head, the rest of the carrier 
could be designed for easy maintenance 
and quick replacement. Many plastics had 
the required dielectric strength, but none 


could measure up to LEXAN resin’s com- 
bination of good electrical properties, 
excellent dimensional stability and 
extremely high impact strength. LEXAN 
resin actually withstands over 12 foot- 
pounds per inch of notch — an impact 
strength attained by no other plastic! 
The new warhead is injection-molded 
of black LEXAN resin by Berkeley Engi- 
neering & Manufacturing Co., Berkeley 
Heights, N. J. Now when wear and tear 
take their toll, the transparent carrier 
body is easily replaced, since it has no 
control elements. Also, body length can 
be varied to suit customer needs, and 
carrier weight is reduced. Printed circuits 
and compactly arranged brushes and con- 
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trol plates are used. The new design is 
more attractive, more practical, less 
costly. And—LEXAN resin warheads have 
proved in field tests to last longer than 
the old control units. ' 

G.E. LEXAN polycarbonate resin has 
raised the quality of many designs to new 
levels. It has been reduced in price 
approximately 40% over the past year! 
Can this tough, new thermoplastic help 
you? Send for design literature. 


LEXAN* 


Polycarbonate Resin 


GENERAL @® ELECTRIC 


Chemical Materials Dept., Section ET-21, Pittsfield, Mass. 





Sealed and shielded 
bearings require no 


ELECTRO-TECHNOLOGY 





-Sterling’s variable speed drive 
never requires lubrication 


Costs Reduced—One of management’s biggest headaches 
has been the development and maintenance of proper lubri- 
cation schedules. As a consequence, lubrication problems 
have long been the cause of variable speed drive failures, 
pulley wear, sticky pulleys, shortened belt life, excessive 
noise, and many other equally costly problems. 

High labor costs, coupled with increased maintenance 
needs, are major management problems. 


Lubrication Eliminated—Now, Sterling has eliminated all 
lubrication maintenance problems. No part of a Sterling 
variable speed drive needs to be lubricated. 

All bearings, sealed and shielded, are factory-lubricated 
and therefore require no lubrication. Shaft surfaces are im- 
pregnated with a special exceptionally tough and wear- 
resistant material which eliminates need for lubrication. The 
non-metallic bushings are also fabricated from a special ma- 
terial that is equally wear-resistant. 


Special Load-Bearing Surfaces—At no time do these sur- 
faces require any attention. Even the keys are fabricated 
from a tough elastic material and will not wear out. 


ss oe Pe : Pie 

Shaft surfaces are extremely tough; material provides unusual chemical 
resistance and anti-frictional properties that make an excellent load- 
bearing material operating under extremely low or high temperatures. 
Keys and bushings are fabricated from a material proven to have out- 
standing abrasion resistance; holds up indefinitely under frictional 
conditions, thus eliminating need for lubrication. 


Fret corrosion, long a problem with metallic load-bearing 
surfaces, is completely eliminated since non-metallic surfaces 
now carry the load. Sticky pulleys, frequently the result of 
improper lubrication, are no longer a problem. 

Sterling’s new “Lube-Free” variable speed drive can be 
installed in any location, no matter how inaccessible, since 
lubrication maintenance is no longer needed. 


Other Benefits—Costs are reduced, money saved, when 
lubrication maintenance is no longer necessary. Belt life is 
lengthened; pulley wear is eliminated. Bearing life may also 
be lengthened by the elimination of worn pulleys—often the 
cause of vibration and bearing wear. 

All other Sterling variable speed advantages are present in 
this new “Lube-Free” drive: wide range of speeds, heavy 
duty cast iron case, finger-tip speed control, etc. 


Information Available—Complete application and product 
information is available by writing Dept. B-1, Sterling Elec- 
tric Motors, Inc., 5401 Telegraph Road, Los Angeles 22, 
California—or by contacting the Sterling field engineer in 
your area. 


ce 


This V & O Notching Press is powered by a new Sterling “Lube-Free” 
variable speed drive. It will never need lubrication. Similar units have 
been installed in the food processing industry. The elimination of lubri- 
cation is particularly important in the food processing industry where 
variable speed drives have such wide application, and where oil and 
grease create sanitation problems. 


thicit ay 


Sterling Electric Motors, Inc. 


5401 TELEGRAPH ROAD, LOS ANGELES 22, CALIFORNIA, 
©1961 Sterling Electric Motors, Inc. A Subsidiary of HATHAWAY INSTRUMENTS, INC. 
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for long-life operation 


despite extreme temperatures, 


heavy shock, severe vibration Hela] 






CLARE Type F | 


subminiature crystal can | | | 


RELAY 


This hermetically sealed relay—no bigger than a postage stamp— 
is a precise component of unusual flexibility, capable of long-life 
operation under a wide variety of contact loads. 


The Clare Type F is extremely fast and more than moderately sensi- 
tive. It is built to withstand temperature extremes, heavy shock and 
extreme vibration. It has proved its usefulness to advanced circuit 
designers. Contacts, rated at 3 amperes, are excellent for low- 
level circuit applications. Terminal arrangement is nicely suited to 
2/10 inch grid spacing. 


In a variety of terminal and mounting designs, the Clare Type F 
Relay is of real value for both commercial and military applications. 





for complete data on construction, circuitry, 
performance characteristics and mountings 
... write for Catalog 203 


~ 


| 
| 


wiring— 
as viewed from 
terminal end 


RED DOT 


For detailed information, ask your Clare Rep- 
resentative for Catalog 203.,.or address 
C. P. Clare & Co., 3101 Pratt Bivd., Chicago 
45, Illinois. In Canada: C. P. Clare Canada 
Ltd., 840 Caledonia Road, Toronto 19, Ont. 
Cable address: CLARELAY, 
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SPEC 


We shies ibictacvines 


Dielectric Strength.,..,.. 


Insulation Resistance 
CONG. idicztdeices vith 


Nominal Operating Power. . 
Total Pickup Time...... wa 
Total Dropout Time...,.,. 
Contact Arrangement.,.... 
Contact Rating........ suey 


Contact Resistance 
Contact Life......... 


ENClOOULO. , .. ccccecvecvees 
COGN i ooasnccuecsibess 


TOMMMMB Ls 6 vo cescgeseeess 


IFICATIONS: 


—65° C to +126° C. 

65 G's, 11 millisecond duration. 

5-75 cps at total excursion of %-inch, 75-2000 
cps at 20 G's acceleration, 


Sea level—1000 volts rms between terminals 


and frame, and between adjacent circuits; 
600 volts rms between contacts of a set. At 
80,000 ft., 350 volts rms. 


1000 megohms minimum at 125° C, 


. Coils from 35 ohms to 10,000 ohms available 


for a wide range of voltages or currents. 
250 milliwatts, 

5,0 milliseconds, 

5.0 milliseconds, 

2 pdt (2 form C), 

3 amps resistive at 28 vdc or 1 amp resistive 
at 115 vac; also for low-level applications. 
0,050 ohm maximum. 


..-250,000 operations minimum at 2 amps; 


100,000 operations minimum at 3 amps. 
Hermetically sealed, filled with dry nitrogen 
at 1 atmosphere pressure. 

Ail popular mounting arrangements avali- 
able, 

Printed circuit; solder; plug-in (matching 
socket available). Variations of printed-cir- 
cuit terminal length on 2/10 inch grid spacing 
available, 

17 grams, 

MIL-R-5757D. 


Components 
\ 











REPUBLIC’S FULL LINE OF COLD REDUCED SILICON STEELS... 


Tested at every critical stage of production to insure 
Magnetic and Mechanical Uniformity 


FROM OPEN HEARTH or Electric Furnace through 
finished product, careful controls and thorough testing 
of Republic Cold Reduced Silicon Steels mark every 
critical stage of production. Metallurgical tests and 
tests of mechanical and magnetic properties—including 
“Single Strip” testing of sample coils to gage magnetic 
core loss—are your assurance that Republic Silicon 
Steels will meet your specifications. Highest standards 
for flatness, clean surfaces, physical uniformity, punch- 
ing quality, simplify your production operations, reduce 
losses, protect the quality of your finished products. 


FULL LINE. Republic Silicon Steels, including standard 


core plated silicon sheets and coiled silicon strip, are 
available in all standard grades and LOcorE. 


LOCORE® is a low carbon cold rolled steel that is 
specifically processed for magnetic applications, High 
permeability at high flux density make this product 
ideal for many magnetic applications with resultant 
savings in material costs. LocorE is available in coils 
and cut lengths in sheet and strip widths. 

For complete information on Republic Silicon Steels 
and Republic LocorE, contact your nearest Republic 
Office, or write Republic Steel, Department ET-1397, 
1441 Republic Building, Cleveland 1, Ohio. 


b 
) REPUBLIC STEEL 


Strong 
Modern 
Dependable 
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Air Express has priority...in the air and on the ground 


It doesn’t matter whether your product is large or smal/... travelling 300 miles or 3000. The moment 
you call AIR EXPRESS (and one call is all it takes), the nation’s largest air-ground shipping service 
is on your team. That means your shipment gets top priority on all 35 scheduled U.S. airlines—first 
on, first off. It’s picked up and delivered—door-to-door—by a special fleet of 13,000 AiR EXPRESS 
trucks, many radio-dispatched. And it always gets the 

kid-glove handling it deserves, to 23,000 communities in A J R 

al/ 50 states. These are just some of the reasons why, more 

than ever, it pays to think fast, think AiR EXPRESS first. 

} CALL AIR EXPRESS DIVISION OF ReE*A EXPRESS © GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES 
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GENERAL INSTRUMENT 


7 | SEMICONDUCTOR REPORT 


Design Notes... 


ENCAPSULATES UNIQUE 
HOLD-OFF DIODE 
Problem: A well-known systems manufac- 
turer needed a series hold-off diode for 
use in a dc resonant charge radar modu- 
lator. Conditions: PIV of 12KV; Operating 
temperature, 100° C; Inverse current at 
PIV, 150 pa; Average current, 120 ma; 
Peak charge current, 260 ma. In addi- 
tion, specifications called for a transient 
capability of 21 KV dc for .07 second. 
Solution: G produced a unit which far 
exceeded these requirements. The Ur 

CuIT CAP (pictured above) is only 2” 
in diameter and 44,” long. It is capable 
of continuous operation beyond maximum 
required parameters. 


ENCAPSULATED ASSEMBLIES BUILT TO 
SPEC MEASURES ? CUBIC INCH 


G recently de- 

signed a compara- 

tor bridge for missile 

use, which contains 

4 resistors and 16 

diodes (print at 

right). The entire 

bridge is encapsu- 

lated within a 1 cubic 

inch module, has 8 

studs for plug-in mounting. The unit meets 
customer requirements, and is capable of 
continuous operation in ambients up to 
150° C. 


MICROMINIATURE DIODE DESIGNED 
FOR 1,500 PIV SERIES OPERATION 


General Instrument Engineers solved an- 
other customer problem in a diode that 
measures .08” diameter by 4” long. Space 
i requirements made it 
necessary to assemble an 

“electrically cold” unit. 

This specially designed 

diode was produced 

with the rigid require- 

ments of 1,500 PIV, leak- 

age of less than .02 pa, 

sand a forward drop of 

less than 2V @ 100 ma. 


G Offers Reliability on the Circuit Level 


GENERAL INSTRUMENT 
IRCUIT CAPS DESIGNED TO YOUR 


SPECIFICATIONS... SAVE COST OF 


e Engineering « Production ¢ Quality Control 


General Instrument offers circuit modules with the exact parameters needed 
for your specialized applications ... regardless of configuration, electrical or 
environmental requirements. Typical applications include: rectifiers, amplifiers, 
comparators, bridges, limiters, blocking and flip-flops. 


These packaged assemblies provide proved reliability for the entire circuit ... 
feature high resistance to vibration, shock, moisture and humidity, combined 
with high heat dissipation. These assemblies range from printed circuit boards, 
ultra-high PIV microminiature diodes, minimal size encapsulations, as well as 
packages weighing hundreds of pounds. 


e ENGINEERING: Experienced General Instrument Engineers study your 
specifications, draw on G research, development and production facilities in 
making an assembly to exceed your most stringent requirements. 


e PRODUCTION: Years of General Instrument experience in volume semicon- 
ductor manufacture is applied to the production of “ @Rcurr cars”. G saves 
you the expense of stocking, testing, selection and encapsulation. Maximum use 
of welded connections assures excellent resistance to vibration and shock. 


e QUALITY CONTROL: Components, as well as completed “@icurr cars” are 
subjected to 100% electrical and environmental testing . . . exceeding the most 
stringent industrial and military specifications. Finished units are guaranteed 
to surpass your most rigid requirements. 

CONTACT GENERAL INSTRUMENT for full information on the services offered 

by the Special Products Division. Our engineers will work closely with you—in 


your own plant, if necessary—to produce a “ UIT CAP” designed for your 
modular applications or complete circuit needs. 


SEMICONDUCTOR DIVISION 
GENERAL INSTRUMENT CORPORATION 


65 Gouverneur St., Newark 4, New Jersey 
IN CANADA: General Instrument—F. W. Sickles of Canada Ltd., P.O. Box 408, 151 S. Weber 
Street, Waterloo, Ontario, Canada. Sherwood 4-8101. 
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BUSS Heat-Limiters ... 


Cut Off the Current at a Pre- 
TTT eet: Mek yi) oligo. ew) 
Hair Driers, 
Refrigerator Defrosters, 


leita 

Deep Fryers, Incubators, 
Ovens, Cookers, Heaters, 
Combination Room Coolers 
Toe 
paratus where failure of 


or other devices or 


temperature control might 
cause trouble or a hazard. 


BUSS Heat-Limiters... 


provide ideal 
back-up protection 
for thermostatically 
controlled devices 
or apparatus. 


To guard against the possibility of dan- 
gerous overheating resulting if a thermostat 
fails for any reason... you can ‘back-up’ the 
thermostats protection with BUSS Heat- 
Limiters. 


= 
Bussmann Mfg. Division McGraw-Edison Co., University at Jefferson, St. Louis 7, Mo 


Please send information on BUSS Heat-Limiters 


BUSS Heat-Limiters prevent over- 1 
heating creating a hazard or re- 
sulting in loss of material by cutting 


Name 


off the current when the tempera- 
ture reaches a pre-determined point. 


How a BUSS Heat-Limiter 
operates: A BUSS Heat-Limiter 
has a thermal cut-out that opens the 
circuit if anything causes the tem- 
perature to rise above its opening 
point. 


This safe protection remains safe 
thru the years. Dust corrosion or 
age cannot prevent a Heat-Limiter 
from opening safely. There are no 
moving parts to stick or wear out. 


Where used: BUSS Heat- 
Limiters can be installed in the 


Company 


ANOTHER ' 
OUTSTANDING 

DEVELOPMENT 

BY THE MAKERS OF 


BUSS FUSES 


FEBRUARY 1961 


Address 


BUSS Safety Valve 
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heater element circuit—or if the 
heater current is controlled by a 
contactor they can be installed in 
the relay circuit. 


BUSS Heat-Limiters are avail- 
able in many types and in many 
styles of terminals to suit require- 
ment. Tell us your problem and let 
BUSS engineers help you solve it. 


For more information use coupon 
or write, Bussmann Mfg. Division 
McGraw-Edison Co. St. Louis 


7, Mo. 


EM-261 


— — yey ey 


City State 


HEAT-LIMITERS 
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You get MORE THAN A MOTOR with 


General Electric's Form G... for example... 


Ease of 


Assembly 


Fast, easy assembly is an unchallenged virtue of 
the General Electric Form G fhp motor. Mount it in 
a few minutes. Hook it up in seconds. 

Count on savings in both installation time and 
costs. And . . . rest assured you're including the best 
fhp motor that money can buy. 

In addition to fast assembly on your product, you 
get these MORE THAN A MOTOR benefits with 
General Electric Form G motors: Years-ahead Design 
Leadership ... Expert Application Aid ... Versatility 
Personified ... On-time Delivery ... Fast, Local Service. 





THESE YEARS-AHEAD FORM G MOTOR FEATURES 
SPEED ASSEMBLY, CUT SHIPPING COSTS 


1. EASY TO HOOK UP—An enlarged 
wiring compartment and a clean ter- 
minal board give you greater accessi- 
bility; speed connection; save you 
assembly-line time and money. 


3. FAST LEAD CONNECTION—Quick- 
connect wiring tabs on all external and 
internal terminals cut wiring time in half. 
Simply plug in leads for fast, easy, posi- 
tive connections. 


5. COMPACT, LIGHTWEIGHT—Up to 
50% lighter, 40°% smaller than old-style 
motor designs, Form G motors cost less 
to handle, install and ship; cut down 
assembly-line fatigue. 


2. FAST CONDUIT CONNECTION—A 
special speed nut, welded inside the 
motor shell, permits conduit connection 
from outside; makes hookup fast, easy; 
simplifies motor installation. 


4. SAFE, SIMPLE GROUND—A built-in 
grounding lug on General Electric Form 
G motors permits fast, easy grounding 


of a third lead (when required) to meet 
UL standards. 


6. ALL-ANGLE OPERATION—All-angle 
sleeve bearings and positive oil retention 
system allow you to mount standard 
Form G motors in any position. No need 
for costly specials. 


formation, call your G-E Sales Engineer or write 
for bulletin GEA-6424 to Section 721-09, General 
Electric Co., Schenectady 5, N. Y. 


These added values can be yours at no extra 
cost. So why settle for less? Form G fhp motors are 
available in NEMA 48 and 56 frames. For more in- 
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The & 
Handy & Harman 


or Sa 


Has every form of silver for your electronics applications 


Silver, in many forms and alloys, is a necessity in the elec- 


tronics and electrical industries. To meet this need on a 
high quality level, Handy & Harman manufactures powder, 
flake, paint, paste, sheet, strip, wire, etc., for printed circuits, 
wiring, resistors, condensers, thermistors, contacts, printed 
terminal strips on glass, ceramics, plastic laminates, etc. 

Another “At Your Service” Division of the Handy & Harman 
Silver Supermarket is our Research and Engineering 
Department. Always ready to help you with any problem 


or project you may have involving silver for any application. 


VISIT OUR BOOK DEPARTMENT 
We have five Technical Bulletins giving engineering data 
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particularly interest you. Your request, by number, will re- 
ceive prompt attention. 


Fine Silver Bulletin A-I 
Bulletin A-2 
Bulletin A-3 
Bulletin A-4 


Bulletin A-5 


Silver-Copper Alloys 
Silver-Magnesium-Nickel 
Silver Conductive Coatings 
Silver Powder and Flake 


Your No.1 Source of Supply and Authority 
on Precious Metal Alloys 


HANDY & HARMAN 


General Offices: 82 Fulton St., New York 38, N.Y. 
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when 
it 
comes 
to 
your 
product’s 
reputation... 
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feaiinhcad inlea Demand genuine Shakeproof® Live Action 
Shak lity i j 
oO Lock Washers — never accept a substitute! It just doesn’t 


pay off. As a matter of fact, anything less than Shakeproof quality 
may pay you back in dissatisfied customers, lost business, extra 
service time and factory rework. 

Live Action takes the risk out of fastenings. Shakeproof’s 
exclusive 3-way combination of multi-toothed line bite... built-in 
spring reaction that holds harder under stress . . . and bracing strut 
action—rigidly opposes loosening—assures a permanent fastening. 

Test-after-test proves Shakeproof Live Action locking superiority. 
You can prove it, too! Order a Shakeproof Sample Kit—we’ll send 
you a selection of Shakeproof Lock Washers to test as you see fit. 

Don’t pussyfoot. . .make tracks to Shakeproof for the lock washer 
that never compromises your product’s reputation. 


ORDER A SHAKEPROOF SAMPLE KIT... prove 
superior Live Action locking yourself. Includes washer 
test samples and booklet with test data, information 
on all washer sizes and types including custom- 
designed ‘'Specials'’. Write for yours. 


SHAKE PROOF ‘FASTENING HEADQUARTERS’ 


DIVISION OF ILLINOIS TOOL WORKS « St. Charles Road, Elgin, Illinois 
In Canada: SHAKEPROOF/FASTEX, Division of Canada Iilinois Tools Ltd. 
67 Scarsdale Road, Don Mills, Ontario 


Copyright Shakeproof, Division of Illinois Tool Works, 1961 
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HANDY CHART SIMPLIFIES COMPONENT SELECTION = cacarire wotoROLA ZENERS 
.. COVERS 2,070 ZENER AND REFERENCE DIODES — offer you many design advantages 


Wide Selection — enabling you to use the precise 
No need to juggle a stack of heavy catalogs to find a zener diode with device for your exact circuit requirements. 
just the right combination of ratings for your circuit. On a single Outstanding Performance — including or dy- 
sheet, this Motorola Silicon Zener Diode Reference Chart provides a Vw 
comprehensive listing of the most complete zener line in the industry Complete Specifications — the industry’s most 


from the number one supplier. comprehensive specifications give you the com- 
plete picture of diode characteristics. 


Available as a wall chart or insert for 3-ring binder, this convenient Reliable Operation — exclusive process and qual- 
zener guide lists alloy and diffused-junction types in 7 package styles igh steblliny ond longer tite. ee 
and covers a voltage range of 2.4 to 200 volts .. . 4 watt to 50 watts. 

a . Immediate Availability — most Motorola Zener 
Military types are included, as well as temperature-compensated Diodes are available “off-the-shelf” from 27 


reference types and reverse polarity types. Motorola Semiconductor distributors. 


WRITE TODAY on your company letterhead for your free copy of the MO ? OROLA 


Motorola Silicon Zener Diode Reference Chart. Be sure to specify your 
preference . . . 3-ring binder or wall-chart style. Please address inquiries 
to MOTOROLA SEMICONDUCTOR PRODUCTS INC., Technical Information 
Center, 5005 East McDowell Road, Phoenix, Arizona. 


at benaage 


Semiconductor Products Inc. 


5005 EAST McDOWELL ROAD « PHOENIX, ARIZONA 
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From a prototype... hundreds OR thousands of motors with 
absolute uniformity. Each and every motor produced has the 
same, discriminating, “built-in” perfection that you can expect 
with Lamb” manufacturing. This precise mechanical and di- 
mensional uniformity of motor as an integral component for 
your powered product is extremely important...and Lamb 
makes sure you get it! 

If you have a special motor problem... here’s what you can 
expect from Lamb! Jnto the design of a Lamb motor goes 
years of experience in powering components for aircraft, 
domestic and industrial products. Out of the design comes a 
personalized motor that’s dependable, smooth and efficient. 


~ One Lamb FHP motor...up to 1OO,OOO carbon 
copies mass-produced to exacting specifications 


Cost-wise you’re way ahead, because Lamb Motors are 
mass-produced at the most favorable cost. 


Write today for descriptive folder. Or ask to have a District 
Engineer call and set up a personalized ‘Motor Conference”’. 


THE LAMB ELECTRIC COMPANY: Kent, Ohio 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric — Division of Sangamo Company, Ltd. 
Leaside, Ontario 


mb Eleclrcc 


reactionat nonserower MOTORS 


Divisions of American Machine and Metals, Inc., New York 7, New York TROY LAUNDRY MACHINERY 

RIEHLE TESTING MACHINES « DE BOTHEZAT FANS * TOLHURST CENTRIFUGALS * FILTRATION ENGINEERS * FILTRATION FABRICS 

NIAGARA FILTERS * UNITED STATES GAUGE * RAHM INSTRUMENTS * LAMB ELECTRIC CO. * HUNTER SPRING CO. * GLASER-STEERS CORP, 
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No personnel shortages—MOS 
lets management know on a periodic 
basis what the future requirements 
will be for materials and personnel. 


No product shortages- Periodic 
reports from RAMAC guarantees 
that American Cyanamid has ade- 
quate inventories at all times. 


No delays in getting the facts—Mr. Henry Wendt, Jr., General 
Manager of American Cyanamid’s Surgical Products Division, gets up- 
to-the-minute information with the help of the IBM RAMAC 305 Data 


Processing System. 


ELECTRO-TECHNOLOGY 





Management Operating System 


at American Cyanamid’s Surgical Products Division 


FEBRUARY 1961 


... speeds service through automatic inventory control 


The Surgical Products Division of 
American Cyanamid Company 
handles over 1700 individual items 
at 43 locations. They now have con- 
tinuous automatic control over 
manufacturing, inventory, and dis- 
tribution. 


This is accomplished by a new: dy- 
namic technique—IBM Manage- 
ment Operating System. Using IBM 
RAMAC® equipment, MOS coordi- 
nates planning and control func- 
tions continuously throughout the 
manufacturing cycle. MOS supplies 
accurate data in time for effective 
management decisions. 


MOS automatically inter-relates the 
six major manufacturing control 
functions: 


1. Sales Forecasting 

2. Materials Planning 

3. Inventory Management 
4. Plant Scheduling 

5. Work Dispatching 

6. Operations Evaluation 


Previously, updating of all this in- 
formation had taken weeks. The re- 
sult was a high back order position 
coupled with an excessive invest- 
ment in inventory. It also made it 
difficult to schedule and operate the 
plant at the highest economy level. 


Today, American Cyanamid’s MOS 
provides current control on all 
phases of production, distribution 
and manufacturing. It gives man- 
agement all the information needed 
to cut back orders, to reduce inven- 
tory investment, and to increase 
plant efficiency. 


MOS offers comprehensive control 


Only with the total approach pro- 
vided by MOS can you get such co- 
ordinated effort, such complete in- 
formation, such tight operational 
control. Only with MOS can you 
study in advance the effects of the 
decisions yet to be made. 


For more complete information call 
your local IBM office. 


DATA PROCESSING 
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AUDIO 
AMPLIFIERS 


CONVERTERS 


GAUGES 


MACHINE 
CONTROL 


SERVO 
SYSTEMS 


OSCILLATORS 


COMMUNICATIONS 


DATA 
PROCESSING 


FLASHERS 


INSTRUMENTATION 


POWER 


REGULATORS 
SUPPLIES 


SOLID STATE 


LTRASONI 
SWITCHING - oe 


DELCO RADIO —THE LEADER 
IN POWER TRANSISTORS 


For top performance in a wide, wide range of applications, specify Delco Radio’s 


2N174. @ This multi-purpose PNP germanium transistor is designed for general use with 28-volt power 
supplies, and for use with 12-volt power supplies where high reliability is desired despite the presence of 


voltage transients. 


@ It has a high maximum emitter current of 15 amperes, a maximum collector diode 


rating of 80 volts and a thermal resistance below .8°C per watt. The maximum power dissipation at 71°C 
mounting base temperature is 30 watts. Low saturation resistance gives high efficiency in switching operations. 
@ The 2N174 is versatile, rugged, reliable, stable and low priced. For more details or applications assistance on the 


2N174 or other highly reliable Delco transistors, contact your nearest Delco Radio sales office. DE LLCO 


Newark, New Jersey 
1180 Raymond Blvd. 
Mitchell 2-6165 


Santa Monica, California 
726 Santa Monica Bivd. 
UPton 0-8807 


Chicago, Illinois 
5750 West 5ist Street 
POrtsmouth 7-3500 


Detroit, Michigan 
57 Harper Avenue 
TRinity 3-6560 


ADIO 


Division of General Motors Kokomo, Indiana 
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Outstanding new Formvar-type wire specifically for hermetic motors using R-22... 


~~ HERMETEZE 


Excellent resistance to Excellent chemical stability— Hermeteze is Phelps Dodge’s new Vinyl Formal-Ure- 

softening and extraction by good resistance to hydrolysis. thane magnet wire for hermetic motors operating in 

R-22 and R-12 refrigerants. Retains flexibility in hot oil R-22 and R-12 refrigerant gases and oil. It represents 

Exceptional resistance to all ; a major advance in film wire insulation designed for 

conventional solvents. Retains dielectric at operating hermetic unit operation. In addition to having all the 
temperature. excellent physical, chemical and electrical properties 

Cubetncting aOey ta Tae Hat No sacrifice of physical or of Formvar, Hermeteze offers remarkably improved 

and pressure without excessive a ‘ : Pare . 

physical softening—provides electrical properties over properties for protecting windings against failure from 

maximum protection against hermetic Formvar. plastic flow at overload conditions. 

short time, high overload 

stress on windings. Any time your problem is magnet wire, consult Phelps Dodge for the quickest, surest answer! 


2 
Formvar”-Shawinigan Resins 


alt ee) 
LASTING QUALITY— 
FROM 
MINE TO MARKET! 
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Hectronic Poducts MEWS 


by CARBORUNDUM® 


Arc suppression in CLARE Stepping 
Switches Improved with GLOBAR® Varistors 


Laboratory report shows up fo 4 to I reduction in peak voltage 
compared with standard condenser-resistor networks 


C. P. Clare & Co., Chicago, IIl., 
manufacture a line of precision step- 
ping switches, offering as many as 
480 contact points in a single unit. 
Arc suppression at the relay contact 
in these switches is vital to long life 
and dependable operation. 


An extensive series of laboratory 
tests by Clare has established the 
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Reduction of peak voltage is shown in these 
comparative oscilloscope traces. Upper trace, 
showing 34 v. peak, was obtained with varis- 
tor across coil. Lower trace shows 125 v. peak 
with .5 mfd. capacitor and 10 ohm resistor 
across contacts 
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superior arc suppression capabilities 
of GLOBAR varistors. Tests were made 
in comparison with standard resis- 
tor-capacitor networks, using vari- 
ous stepping switches having coil 
ratings of 6 volts up to 110 volts. 
Results were based on visual obser- 
yation of arc suppression, peak volt- 
age and speed as shown on ’scope, 
and heating of the body of the varis- 
tor, as recorded by a pyrometer. In 
some cases, tests with the varistor 
showed a 4 to 1 reduction in peak 


Disc and rod type GLOBAR varistors are 
shown above. Wide variation in voltage coef- 
ficients may be obtained through changes in 
length-diameter ratios. 


voltage. Temperature readings re- 
vealed more than adequate safety 
factors under all anticipated volt- 
ages and duty cycles. 


GLOBAR Type BNR varistors are 
non-linear, voltage-sensitive resis- 
tors made from electrical grade sili- 
con carbide. Their negative voltage 
coefficient of resistance (resistance 
decreasing with an increase of volt- 
age) offers wide possibilities for 








—— @- 


For ceramic parts and. metallized assemblies, Kovar alloy, ceramic resistors, varistors and thermistors . . 


Typical CLARE stepping switch, Type 20, is 
shown above. This switch offers up to 480 
contact points in twelve 40-point levels, or 
320 in sixteen 20-point levels. 


application in contact arc suppres- 
sion, protection against voltage 
surges and similar problems. Re- 
sponse to short duration impulses 


is instantaneous. ‘ 


All GLOBAR varistors are made to 
individual customer specifications. 
Inquiries concerning specific appli- 
cations are welcomed. If your inter- 
est is in experimenting with possible 
uses, it is suggested that you inves- 
tigate the GLOBAR Varistor Test Kit. 
Write to Globar Plant. Refractories 
Division, Dept. ETV-21 The Car- 
borundum Company, Niagara Falls, 
New York. 
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BOOKLET AVAILABLE ON 
GLOBAR Type BNR VARISTORS 


Fullinformation 
on the physical 
and electrical 
characteristics 
of GLOBAR Type 
BNR varistors 
is contained in 
Technical Bulle- 
tin GR-2, which 
will be mailed 
on request. For 
your copy, write 

Globar Plant, Refractories Div., Dept. 

ETV-21, ae Carborunc dum Co., Niag- 

ara Falls, N. Y 
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Size 1 magnetic starter is only 4% 
inches — shortest of all leading makes. 


Measure the Space Savings Yourself 


This General Electric Size 1 Magnetic Starter saves as much as two inches of panel space, compared to other leading makes. 
Using these smaller G-E starters, you can reduce your panel sizes, with resultant savings in labor and material costs. It is 
often possible to use a standard enclosure where previously a larger, more costly special was required; or to make the 

panel an integral part of the machine instead of mounting it separately. Your G-E sales representative 

or distributor can show you other MEASURABLE ADVANTAGES of G-E magnetic starters. 

Call him soon, or write for Publication GEA-7020. Section 811-16, General Electric Company, 

Schenectady, N. Y. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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New steels are 


= New Edition of 
“Armco Hot-Rolled 
Electrical Steels” 
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ARMCO TRAN-COR A-@ 
Exciting RMS Ampere-Turns 
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for better 
electrical 
apparatus 


Presents design curves for Armco’s DI-MAX M-15 and 
M-17, up-to-date surface insulation data, plus design 
information on all Armco TRAN-COR and DI-MAX grades. 


A new edition of Armco’s well-known design manual on hot-rolled electrical steels 
is just off the press. It brings up to date the basic design information that designers 
have found so useful in making most effective use of Armco TRAN-Cor and Di-Max 
Electrical Steels. 

Design curves, which now include those for Di-Max M-15 and M-17, are presented 
in a new format that facilitates their use. Be sure you are fully aware of the unique 
combinations of magnetic and fabricating characteristics offered by Armco’s Hot- 
Rolled Electrical Steels. Get your copy of this new manual that describes them in 


detail. Just write on your firm’s letterhead. Armco Steel Corporation, 1211 Curtis 
Street, Middletown, Ohio. 


e ¥ eee 
ARMCO Armco Division 


V 
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AMP PINBOARDS can do a host of dry circuit 
switching or commoning functions . . . permit 
numerous matrixes in one assembly. Complicated 
switching functions can be accomplished by 
simply inserting or removing a pin. 


You can use these PINBOARDS as modular 

building blocks for instrumentation applications, 

automated tooling, test equipment, data processing 
. « any variety of size and grid arrangements 


in multiples of a basic 15 x 5 hole pattern. 
Contact springs can be bussed in any combination 
desired. And for safety, there are no exposed 


conducting surfaces on the rear side of the board. 


The conducting area of the pin is safely inside 
4 be OG a A Mi NVI i N G board before contact is made with mating springs. 
AMP PINBOARDS are factory pre-wired to your 
specifications . . . with standard or special silk 
screen legends. Designed for simplicity . . . 


flexibility . . . reliability . . . with three 
amperes continuous current rating. 


Write for complete specifications. 
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AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia » Canada « England » France « Holland « Italy « Japan « West Germany 
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put your finger on 196? switch problems now 
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Four McGill 0800 Rocker Switches (20 amp. 
125V capacity) are integral parts of the 
flexible programming system of the popular 
SPEED QUEEN Automatic Washer. Three 
McGILL 0800 Rocker Switches are also used 
on the SPEED QUEEN Automatic Clothes 
Dryer. 


SPECIFY 


MSGI L L’swircnes 


0800 Series 


ELECTRICAL RATING: 
20 amp, 125V AC 1% hp 
10 amp. 250V AC 2 hp 


ROCKER SWITCHES 


McGILL Rocker Switches meet the appear- 
ance, operational, dimensional and cost re- 
quirements of a wide range of appliance and 
many varied electrically powered equipment 
applications. Hundreds of variations with 
respect to actuator colors and sizes, mount- 
ing brackets, circuitry and terminals are 
available to meet your specific requirements. 
Heavy duty construction and higher ratings 
insure long life. Contacts of silver cadmium 
oxide on special copper, silver plated termi- 
nals and connecting parts, housings of impact 
resisting phenolic, These new 0800 series 
switches reflect the quality built into Mc- 
GILL switches and electrical specialties for 
over fifty years. 


for lasting dependability! 


MOMENTARY CONTACT 
SWITCHES 


Simplified switching action 
utilizes two precision wound 
stainless steel springs. Con- 
tact bouncing is eliminated. 
Standard with variety of circuitry in both 15 and 30 amp. 
125-250V models, with 2 amp. 125V DC and 2 HP 250V 
AC ratings. Contacts inlaid with silver cadmium oxide. 
Six types of actuators. 


1901 Series 


TOGGLE SWITCHES 


Impact resistant, dust-proof 
and vibration-proof housing 
protects the performance of 
the famous LEVOLIER mech- 
anism. Available in 6 amp. to 
20 amp. SP and DP models 
with added DC and HP rat- 

90 Series ings. Choice of terminals on 
most models. 


PUSH BUTTON SWITCHES NEW CATALOG 


No. 71-P small size (only 43” thick) No. 60 is just 


off the press. It is yours for 


push button switch with “T” rating of the asking — write for your copy today, 


6 amp. 125V, 3 amp. 250V. Brown 
Bakelite case, 6” wire leads. 
71-P Series 


SPECIAL SWITCHES 100 | enginesred clectrionl products ts 


Typical of special switches is the a 
I-100-L. This momentary contact, N.O., r A Ac 
sealed and corrosion resistant (stain- ad Ps 
less steel) switch was designed for i 


garbage disposal service. In hundreds of applica- 


tions modified “standard” McGill switches or completely Qs 


“special” switches are adding to product dependability. 
McGILL MANUFACTURING COMPANY, INC., ELECTRICAL DIV., 700 N. 
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precision needle roller bearings 


CAMPBELL ST., VALPARAISO, INDIANA, 
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VY, H.P. 


INSULATED WITH 


WY H.P. 
INSULATED WITH 


PAPER 


Motors insulated with Mylar® 
are smaller... lighter 


Motors above have the same rating, 
but the smaller, lighter one takes 
advantage of “‘Mylar’’* polyester 
film for slot and phase insulation. 

Because of its excellent electrical 
and physical properties, “Mylar” can 
be used in thin gauges to help reduce 
motor size up to 40% and weight up 
*to 33°). The thermal stability of 
*“Mylar’’ allows motors to run hotter 
and develop more horsepower from 
a given frame size. 


Insulation of ‘““Mylar’’ contributes 
built-in reliability and longer life to 
appliance motors because its proper- 
ties do not change over long periods of 
continuous operation at high temper- 
atures or when exposed to chemicals, 
solvents and lubricants. And because 
“‘Mylar” is unaffected by moisture, 
current leakage and shock hazard 
are cut to a minimum. And yet, 
motors insulated with ‘‘Mylar’’ 
frequently cost no more than those 


Tough, thin ‘“‘Mylar’’ has this unique combination of 
properties for superior insulating performance. 


e Average 4,000 volts per mil dielectric strength 
ASTM D-149). Average power factor of 0.002 at 60 


cycles. 


e Thermal stability from -60°C. to Class B range. 


e Chemical and moisture resistance. 
e Resistance to aging, abrasion, tearing and rotting. 


IN CAPACITORS — Units insulated with 
“Mylar” have superior moisture resis 
meet highest 


tance and tonger life... 
reliability standards 
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using other common types of in- 
sulation. 

Whether you manufacture or buy 
electrical products, you can get im- 
proved performance with Du Pont 
““Mylar’’. And, figured on a square- 
foot basis, “Mylar” will oftencost you 
less than your present material. For 
full facts on ‘‘Mylar’’, write for free 
booklet. E. I. du Pont de Nemours 
& Co. (Inc.), Rm. 414, Film Depart- 
ment, Wilmington 98, Delaware 


*“ Mylar” is Du Pont's registered trademark for 
its brand of polyester film. 
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.-- it's the new Spectrol ultraminiature trimmer...the 
smallest trimming potentiometer on the market! Meas- 
uring 1/3” in diameter, weighing only 1 gram, and designed 
specifically for transistor circuits, the Spectrol Model 80 
is a remarkable breakthrough in component technology. 


Design engineers can now shrink printed circuit packages 
in all three dimensions. The single turn adjustment is from 
the top, rather than the side. It is ideal for printed circuit 
applications. Sealed construction allows complete pack- 
age encapsulation. 


THE MODEL 80 is approximately one-quarter the size of ordinary 
trimmers, yet it offers greater resolution and resettability because 
the resistance element is nearly twice as long. These trimmers 
meet all applicable military and commercial specifications in- 
cluding the most severe humidity cycling and immersion tests. 


SPECIFICATIONS 


1.500 PATENT PENDING 
SD .200 oh 
sll 100" 


MODEL 80 


Available now for immediate delivery. Standard models of Spectro! 
trimmers and miniature potentiometers, as well as other standard pre- 
cision potentiometers, are available from your nearby Spectro! distributor. 
For complete technical information, contact your Spectrol engineering 
representative or write directly to the factory. Please address Dept 32 


The Spectro! name, 


DIAMETER 0.345” 

STANDARD RESISTANCES (ohms) 50, 100, 
, 2K, 5K, 10K 

RESISTANCE TOLERANCE +5% 

NO. TURNS ONE 

POWER RATING 1 watt at 70°C 

LINEARITY +1.0% 

NOISE 100ENR per NAS-710 

SHOCK 50 G 

VIBRATION 30 G to 2,000 CPS 

HUMIDITY MIL-E-5272C, Proced. | (10 

days, cycling) and MIL-STD-202A, Method 

104, Condition A (immersion in hot water) 


SALT SPRAY MIL-STD-202A, Method 101A, 
Condition A (96 hours) 


LOAD LIFE 1000 hours 
WEIGHT 1 Gram 
PRICE (1-9 units) $6.00 each 


your assurance of quality. 


Spectrol trimmers are produced to 
the same exacting standards of 
quality and reliability engineered 
into the entire Spectro! potentiom- 
eter line... the largest selection 
in the industry. 


ELECTRONICS 
CORPORATION 


1704 South Del Mar Avenue * San Gabriel, California 
Phone: ATlantic 7-9761 


1250 Shames Drive * Westbury, L. !., New York 
Phone: EDgewood 3-5850 
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keep your Signals clean with 


engineered magnetic shielding 


Keep stray magnetic fields out of your high gain 
input transformers and cathode ray tubes. Keep 
your signals free of noise, hum, cross-talk and 
distortion. You can do it only with engineered 
magnetic shielding. 


These high-permeability shields are made from ex- 
isting tools in a broad variety of single and multiple 
structures—cylinders, spheres, truncated cones 

for applications ranging from de into the audio 
range and higher. They can be used with almost 
all conventional transformer core and coil assem- 
blies to provide any degree of magnetic, electro- 
static or RF shielding against undesired signals of 


[Ac NETIC 


Magnetic Metals Company 


all classes. Reduction of field strengths to 100 db 
and beyond is common. 


With Magnetic Metals shielding. both the electrical 
and mechanical engineering is already done for you. 
We'll 


engineer the exact type of shielding you need. In 


Simply let us know your requirements... 


selection of raw material, design, fabrication, an- 
nealing, testing and gaging, Magnetic Metals has 
amassed a great backlog of shielding experience. 
For a better understanding of shielding and help in 
specifying it, write for our informative booklet, 
“Magnetic Shielding of Transformers and Tubes.”’ 


Hayes Avenue at 2ist Street, Camden 1, N.J. Cy 
853 Production Place, Newport Beach, California 
transformer laminations « motor laminations « tape-wound cores 
powdered molybdenum permalloy cores « electromagnetic shields 


ETALS 
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this Is 
the Brush 
anyone 
can 


plug 


—Srush 


RECORDER MARK |) 


tin 

put It 

in writing 
anywhere 


There is no direct writing recorder on the market that approaches the compact 
Mark II in sheer usefulness. It is a completely integrated engineering tool 

that can be operated by anyone... in the shop or in the field . . . for countless 
research or design requirements. Every function necessary for uniform, 

crisp, easily reproduced readouts is “‘built-in’”. The Mark II gives ‘you two analog 
channels plus two event markers; 4 chart speeds; DC to 100 cps response 

with 40 mm amplitude; 10 mv/mm sensitivity; high input impedance. 

Ink or electric writing models. Immediate shipment from stock. 


brush INSTRUMENTS 


DIVISION OF 


f 
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BRUSH INSTRUMENTS 
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= Moon 


3774 AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 





Barber-Colman, A. W. Haydon Specify INDOX Stator 
Magnets for New D.C. Permanent Magnet Motors 


A simpler stator assembly is likely to result 
when INDOx ceramic stator magnets are used 
to supply the field in d.c. pm motors. 

This trend toward simplification and cost 


reduction is now apparent in motor designs up 
to and above 10 horsepower. Both Inbox I 
(unoriented) and INpox V (oriented) are being 
used, depending on the motor characteristics. 


The advantages of INDox magnets are: 


© Greater Usable Energy 
® Simpler Assembly 


Among the users of INpox stator magnets 
are the A, W. Haydon Company, Waterbury, 
Conn., and the Barber-Colman Company, 


The Haydon motor is designed for 
use in a cordless electric clock made 
by the Sessions Clock Company of 
Forestville, Conn. The clock itself is 
tiny, measuring only 1% by 2%4 
inches. To keep within the specified 
dimensional limits, Haydon called 
on Indiana's design engineering 
service, which provided the answer: 
two extremely flat sections of INDOx 
V for the motor field. 


magnets. 


Barber-Colman’s type BYQM motor 
is a new line of economy d.c. motors 
designed for a variety of low-cost 
applications: fishermen’s depth-find- 
ers, revolving emergency lights, etc. 
A single INDOx I stator ring provides 
the motor field, avoiding compli- 
cated or expensive assembly rou- 
tines, encountered with separate 
magnets and pole pieces. 


A. W. Haydon motor, showing 
flat sections of INDOX V stator 


® Wider Operating Temperature Range 
© Opportunities for Cost Saving 


Rockford, Ill. Both firms recently introduced 
battery-powered permanent magnet motors 
using INDOx stator magnets. 


MSGI AN, GG 
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Cross section of motor unit. Chronometric 
governor for speed control not shown. 


One-piece INDOX | 

stator ring simplifies 
assembly and helps 

lower costs. 


Barber-Colman Type BYQM motor. 


For full information on how INbDox can help modernize your present motor line 
...call your Indiana Sales Engineer today ...or write Indiana Steel Products, 
Division of Indiana General Corporation, Valparaiso, Ind. Ask for Bulletin18AB2. 


O'rviston OF 


INDIANA 


INDIANA STEEL PRODUCTS 


VALPARAISO, INDIANA 


In Canada: The Indiana Steel Products Co. of Canada Limited, Kitchener, Ontario 


GENERAL 


CORPORATION 
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NUMBER 5—RELIABILITY SERIES 


Bourns Trimpot® 
Puts the Proof in Humidity-Proof 


ing a potentiometer into near-boiling water is just one of Further protection against humidity results from manufacturing 

ways Bourns puts the proof in humidity-proof ve rit procedures, such as internal potting of the resistance element 

it made takes this 60-second bath witt > water sin ind sub-components. Finally, Bourns samples all production 

ng at 90°C. Air expanded by the heat ites pounds compliance to MIL-STD-202A, Method 106 as a routine part 

‘ > inside the potentiometer nougl a1use bubt 1 Reliability Assurance Program. As a result, Trimpot does 

Only if the unit is comple lv lea t ( ; n » than “‘resist’’ moisture; it keeps moisture out. 

ore information about the industry's largest selection of 

urns humidity proofing starts at the beginr wit rigina humid proof adjustme potentiometers—wirewound and 

design and selection of materials. The plastic chosen f Irie i yn in a variety of sizes, power ratings, operating tempera- 

pot cases, for example, displays the unusual properties o ures, e -write for new Trimpot summary brochure and list 
insulation resistance and extremely low moisture absorption. i 2 distributors. 


' 


& 


ee ne 


BOURNSB. INC., TRIMPOT DIVISION 
6135 MAGNOLIA AVE., RIVERGIDE, CALIF 


PLANTS: RIVERSIDE, CALIF. AND AMES, iOWA 


Exclusive’ manufacturers of Trimpot®, Trimit®, and E-Z-Trim®. Pioneers in transducers for position, pressure and acceleration. 
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HOWARD 


...the nation’s leading source 
for low cost universal & d.c. 


fractional H.P. motors! 


HOWARD INDUSTRIES, INC., 1720 State St., Racine, Wis., Telephone ME 2-2731, Teletype: RAC344 


Sales Offices: 


Festus, Mo., 1049 Front St., YE 7-3606 
Chicago area: 576 Northwest Hwy., Des Los Angeles 36, 942 S. La Brea Ave., WE 8-2444 
Plaines, Ill., VA 7-6173 


New York area: 157 Broad St., Redbank, N. J., 
Cincinnati 2, O., 1077 Celestial St., PA 1-2985 SH 1-3356 


Representatives in Principal Cities — Consult Your Classified Phone Book 


Eno ELECTRIC MOTOR CORPORATION (Ls) LOYD SCRUGGS COMPANY 


CYCLOHM MOTOR CORPORATION 
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1/200 TO 1 H.P. * HIGH SPEED - HIGH STARTING TORQUE 


MODEL 29-500 
TYPE: Universal AC/DC or Shunt. 
DIAMETER: 3-5/16. 
LENGTH: 4-11/16 to 5-19/32. 
H.P.: Continuous: Series—1/6 @ 10,000 R.P.M. 
Shunt or Compound—1/12 
Intermittent Series—1/4 @ 10,000 R.P.M. 
Shunt or Compound—1/6. 
SPEED: No Load: Series—15,000 R.P.M. 
Shunt or Compound—12,000 R.P.M. 
Full Load Speed: Series—3000 to 10,000 
R.P.M. 
Shunt or Compound—1000 to 10,000 R.P.M. 
VOLTAGES: Series—6 to 250V. AC/DC. 
Shunt or Compound—6 to 230V. DC. 
BEARINGS: Porous bronze sleeve type or grease 
sealed ball bearings. 


MODEL 243 

TYPE: Universal AC/DC or DC Shunt. 

DIAMETER: 2-17/32. 

LENGTH: 3-15/16. 

H.P.: Continuous Series—1/12 @ 10,000 R.P.M. 
Intermittent—1/8 @ 10,000 R.P.M. 

SPEED: Full Load Speed: 

Series—5000 to 10,000 R.P.M. 

Shunt—2000 to 7000 R.P.M. 

VOLTAGES: Series—12 to 230V. AC/DC. 
Shunt 6 to 120V. DC. 

BEARINGS: Porous bronze self aligning type 
with oil reservoir. 
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MODEL 700 

TYPE: Universal AC/DC or DC Shunt. 
DIAMETER: 3.800”. 

LENGTH: 5-7/64”. to 6-7/64”. 


H.P.: Continuous: Series—1/4 @ 10,000 R.P.M. 


Shunt—1/8. 
Intermittent: Series—1/2 @ 10,000 R.P.M. 
Shunt—1/4, 


SPEED: No Lood Speed: Series—18,000 R.P.M. 


Shunt—2000 to 12,000 R.P.M. 
Full Load Speed: Series—5000 to 10,000 
Shunt—1000 to 10,000 R.P.M. 

VOLTAGES: Series—6 to 115V. AC/DC. 
Shunt—6 to 230V. DC. 

BEARINGS: Grease sealed ball bearings. 


MODEL 200 

TYPE: Universal AC/DC or DC Shunt. 

DIAMETER: 1-11/16”. 

LENGTH: 2-11/16”. 

H.P.: Continuous Series—1/200 @ 10,000 R.P.M. 
Shunt—1/200. 

Intermittent: Series—1/75 @ 
Shunt—1/75. 

SPEED: No Load Speed: Series—15,000 R.P.M. 
Shunt—15,000 R.P.M. 
Full Load Speed: Series—5000 to 10,000 

R.P.M. 

Shunt—3000 to 10,000 R.P.M. 

VOLTAGES: Series—6-115V. AC/DC. 
Shunt—6 to 32V. DC. 

BEARINGS: Grease sealed ball bearings. 


10,000 R.P.M. 
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MODEL 1100 

TYPE: Universal AC/DC or DC Shunt. 

DIAMETER: 2-13/16”. LENGTH: 3-9/16". 

H.P.: Continuous: Series—1/50 @ 10,000 R.P.M. 
Shunt—1/50. 
Intermittent: Series—1/15 @ 10,000 R.P.M. 
Shunt—1/15, 

SPEED: No Load: Series—15,000 R.P.M. approx. 
Shunt—3500 to 12,000 R.P.M. 
Full Load: Series—3000 to 10,000 R.P.M. 
Shunt—2000 to 10,000 R.P.M. 

VOLTAGES: Series—6 to 230V. AC/DC. 
Shunt—6 to 120V. DC. 

BEARINGS: Porous bronze sleeve type, or 

Grease Sealed Ball Bearings. 


MODEL 512 

TYPE: Universal AC/DC or DC Shunt 

DIAMETER: 3-3/8". LENGTH: 4-3/4”, 

H.P.: Continuous Series—1/10 @ 10,000 R.P.M. 
Shunt—1/12. 
Intermittent: Series—1/5 @ 10,000 R.P.M. 
Shunt—1/6. 

SPEED: No Load Speed: Series—15,000 R.P.M. 
Shunt—2000 to 12,000 R.P.M. 
Full Load Speed: 5000 to 10,000 R.P.M. 
Shunt: 1000 to 10,000 R.P.M. 

VOLTAGES: Series—6 to 230V. AC/DC. 
Shunt—6 to 120V. DC. 

BEARINGS: Porous bronze sleeve type. 
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Mail this coupon now for complete specifications 
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HOWARD INDUSTRIES, INC., 1720 STATE STREET, RACINE, WISCONSIN 


Please send me complete information on: 


( MODEL 243 
(C1) MODEL 29-500 


() MODEt 700 
[J MODEL 512 


( MODEL 200 
( MODEL 1100 


[] SEND ME A COMPLETE HOWARD CATALOG 
[1] HAVE A HOWARD REPRESENTATIVE CALL ON ME 


Oeics iencseetietaniesiinsignll 
TITLE 
COMPANY. 
ADDRESS. 
CiTt...x 
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First commercially priced 
silicon rectifier 


More in use than any 
similarly rated unit 


One of the first silicon rectifiers 
in volume production 


TARZIAN M-500 


Silicon Rectifier 


The Sarkes Tarzian M-500 silicon rectifier is rated at 500 
milliamperes dc, with a peak inverse voltage rating of 400 volts. 
This was the first commercially priced silicon rectifier, and more 
M-500’s are now in use than any similarly rated unit. 


The Tarzian M-500 is a cartridge type rectifier with end ferrules that 
snap quickly and easily into standard clips. The M-500 is made by 

a special Tarzian process that provides optimum forward to 

reverse ratios and long, useful life. 


For additional information, practical application assistance, and 
prices on the M-500, write Sarkes Tarzian, Inc., Semiconductor 
Division, Bloomington, Indiana 


Max. Recurrent 


Other voltage and current ratings also available in this style. 


SARKES TARZIAN, INC. 


World's Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems e Broadcast 
Equipment e Air Trimmers e FM Radios e Magnetic Recording Tape e Semiconductor Devices 


SEMICONDUCTOR DIVISION e BLOOMINGTON, INDIANA 
In Canada: 700 Weston Rd., Toronto 9 « Export: Ad Auriema, inc., New York 
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NEW BRUNSWICK, NEW JERSEY + TAPES+ ELECTRICAL INSULATING MATERIALS « ADHESIVES 
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(Actual Size) 


“302 PB” Miniaturized Lighted 
Push-Button Switch 


Indicator and switch unit with momen- 
tary action—actuated only while the but- 
ton is depressed—both combined in less 
than one cubic inch. The “302 PB” Se- 
ries conforms to the requirements of 
MIL-S-6743, MIL-S-6744 and MIL-E- 
5272A. Write for Data Sheet 182. 
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MICRO SWITCH ... FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 


H Honeywell 


MICRO SWITCH Precision Switches 
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MICRO SWITCH 
HAS MORE ANSWERS 
FOR CUSTOMIZING 


YOUR CONTROL PANELS! 


Rocker 
actuator switch 


“17 AS” rotary 
selector switch 


Modular 
“Series 2” 


“6 AT" “13 AT” toggle 
toggle switch with tab indicator 


“2 PB” push-button 


“50 PB” lighted switch assembly 


push-button assembly 


MORE SWITCH DESIGNS, MORE FLEXIBILITY IN THE MICRO SWITCH PUSH-BUTTON LINES 
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When you want a control panel precisely tailored 
to your equipment and absolutely reliable, start 
with MICRO SWITCH. You'll find the wider selec- 
tion fits your ideas, rather than your ideas having 
to fit the selection. 

New “302 PB” Miniaturized Lighted Push- 
Button Switches provide infinite lamp life, 
double-pole double-throw switching and 2-color 
indication in a unit requiring only one cubic inch 
of panel space. 

Modular “Series 2’”’ Lighted Push-Button 
Switches offer customized combinations of eight 


different basic switches and dozens of colored 
indicators—and they snap together without tools. 
New truncated display screens add dimensional 
visibility. 

MICRO SWITCH also makes the “Series 50 PB” 
lighted push-button switches as well as hundreds 
of different toggle switches and assemblies. 
Everything you need for customizing control pan- 
els. See the Yellow Pages for the nearby MICRO 
SWITCH Branch Office. Write for illustrated cata- 
loes on push-button and toggle switches for con- 
trol panels and machine control stations. 
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PIONEERING 


94 Series 


(AMPHENO 


AMPHENOL 


A new concept in reliability—crimp 
Poke Home Contacts*—was pioneered 
and actively developed by Amphenol 
Connector Division. Removable 
contacts that are crimped outside of the body 
of the connector, inspected and then 
inserted for assembly are available 

in six connector lines. In Rack 

& Panel connectors, for 

example, “Poke Home” economy 

and reliability are 

offered in miniature Min Rac 17, aircraft 
94 and missile 93 series. 


In almost every application area 
there is an Amphenol connector 
with Poke Home contacts. 
Catalog data is available 

for your use. 


CONNECTOR DIVISION 
1830 S. 54TH AVE. » CHICAGO 50, ILLINOIS 
Amphenol-Borg Electronics Corporation 
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THIS 1S GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


YES, WE HAVE NO GASKETS 
Gaskets cause countless problems in sight 
glasses, people told us. 

Get rid of the gaskets, we replied. 

Show us how, they retorted. 

So, we did. 

Two ways. 


One. We can and do make valve win- 
dows wherein the glass is fused directly 
to the metal without aid of gasket or 
solder. The result is a one-piece assembly 
with an heroically hermetic seal rated 
at 700 psi and bursting strength around 
2500 psi. 

Two. When it makes sense, we can and 
do metallize a glass with a base coat of 
silver, electroplate it with copper, and 
face it with a coat of tin which accepts 
soldering to a bezel, which we also can 
and do do. The finished window is rated 
to take 15 psi inside or out. 

Since we are as versatile as the ma- 
terial we work with, we can pull such 
tricks as pressing configurations into the 
windows. We’ve already done things like 
bull’s-eyes and indentations. 

We had another job where we pressed 


By a rm 


an optical lens into a glass. The focal 
length of the lens is such that you get a 
reflection of light back to your eye, except 
when the unit is full of liquid, in which 
case you focus on the liquid itself. 

Look into our windows whenever you 
find a gasket a nuisance, whether from 
temperature or pressure or corrosive 
environment or any of the many other 
conditions which tend to make gaskets a 
nuisance. 

You can begin looking by sending the 
coupon, 
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silent light (fluorescent) 


Making an electroencephalogram under 
fluorescent lights can be as nightmarish 
as listening to Leonard Bernstein conduct 
in a subway. The same holds true for any 
sensitive electronic device that can pick 
up unwanted noise from a hot tube. 

From now on, anyone seeing un- 
worldly blips or blurs on his trace of a 
monkey’s alpha waves might find our 
new Pyrex brand E-C No. 70 panel 
helpful. 

E-C No. 70 is a glass panel with an 
electroconductive coating fused to one 
side, a coating grounded with a 4” 
strip of silver running around the perime- 
ter of the panel. The coating is “tuned” 
to pick up and throw to the ground all 
radiation from 0.018 to 25 me. 

Add a simple line filter and a GBM 
ballast to your fixture, and all that comes 
out is clear, clean, quiet light, free from 
both radiated and conducted radio noise. 

E-C No. 70 is optically designed to 
give low brightness to the light it lets 
through, this being 70 to 78% of the 
light emitted by the tubes. 

E-C No. 70 is made of borosilicate glass, 
so it takes a goodly amount of corrosive 
atmosphere and thermal shock in stride. 

E-C No. 70 meets all the many re- 
quirements of MIL-I-1690A—ships. 

E-C No. 70 may be had in panels up to 
28” in width, up to 48” in length. 

Still more may be learned about E-C 
No. 70 by posting the coupon. 


CORNING MEANS 


RESEARCH IN 


FROM CORNING 


HOW TO GET MORE 
USEFUL HEAT PER KW 


It’s not much to look at, but our new 
Vycor brand Radiant Heater is loaded 
with advantages for those involved with 
drying, baking, curing or pre-heating. 

The basic appeal of this unit is the 
kind of heat it gives you—long wave; 
efficient because it’s readily absorbed. 

These long waves are emitted from 
wire coils enclosed in tubes of 96% silica 
glass. And the tubes (made from one of 
our rugged Vycor brand glasses) resist 
heat, heat shock, and corrosion. 

Long wave output is just one reason 
why your kilowatts will yield more useful 
heat. This heater also has a reflector 
system that includes a platinum strip 
bonded to one side of the tubing, and 
two layers of aluminized steel with Fiber- 
glas insulation in the housing. 

Result: Between 85 and 90% of the 
available radiation is directed to your 
work. 

With Vycor brand Radiant Heaters 
mounted horizontally above or below 
your process line, you average 20 watts 
per square inch of working space and 
get full heating (800-850°F) in three 
minutes, so there’s no costly warm-up 
delay. These units cool quickly, too, so 
you don’t need complex equipment for 
diverting heat after shutting off the line. 

Heating tubes come in 14”, 26”, 38” 
and 54” lengths, mounted in twos or 
fours. You get each unit complete with 
frame, reflector sheet, junction box, 
mounting hangers and leads. 

More facts? Use the coupon. 


GLASS 


CORNING GLASS WORKS, 5902 crystal st., Corning, N. Y. 


(J Metalized windows; 
(-] Corning Industrial Heaters 


Company.... 


Address 
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ALLEN-BRADLEY 
LIMIT SWITCHES 
FINISHED TEST with 


eM A 


...and remained good 
for many more millions 
of trouble free operations 


Recently, a large user of limit switches selected two identical 
units from each of five leading manufacturers and subjected 
them to the same accelerated life test. When the test was 
stopped after many, many millions of operations, only Allen- 
Bradley Bulletin 802T oiltight limit switches were left with 
no failures! Also, a careful inspection of these two Bulletin 
802T limit switches suggested that they- were still good for 
many more millions of operations. 


The Allen-Bradley ‘“‘built-in’’ quality is the reason for such 
unmatched performance. With switch bodies and operating 
heads positively sealed against oil and dirt, A-B Bulletin 
802T limit switches are free from contact fouling and slug- 
gish operation. The precision switch mechanism has a posi- 
tive snap action—it is impossible for vibration to cause 
contact chatter. The double break, silver contacts never need 
servicing. 

Insist on Allen-Bradley Bulletin 802T oiltight limit 
switches—they will always provide you with the long, trouble 
free life that is so important to continuous production. Send 
for details on the complete A-B limit switch line. 


Side Push 
Rod f Fork Lever 


Maintained Contact 


Rod Lever 
T 


pe Adjustable Roller Lever 


ld 


ALLEN -BRADLEY 
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Purchased through regular supply channels... 


and tested under identical conditions, insuring an impartial 
evaluation of performance. Of the ten limit switches tested 
(two each of five different makes), only three were operating 
when the test was stopped. Two were A-B Bulletin 802T 
switches and one of another make, of which the second 
unit had failed early in the test. On this accelerated life 
test, one unit switched 1.0 ma at 115 v de while the other 
unit switched 10 ma at 115 v de. 


o 


Micrometer 
Adjustment 
Roller Lever 


Side Push Roller 


QUALITY 
MOTOR 
CONTROL 
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" SPECIFY 
ILEECE-NEVILLE 
' MOTORS 
FOR QUALITY, 
RUGGED 


DESIGN, 
LONG LIFE 


INDUSTRY STANDARD—3-1/4” Shaded Pole. 4 Pole—1550 rpm 


to 1/25 hp. For use on fans, ventilators, small blowers, etc. Model No.4( 


Le&cE-NEVILLE now offers you a complete line of shaded pole and 
permanent split capacitor motors—basic units adapted to your speci- 
fications, or special motors custom engineered to your requirements 
—with horsepower ratings from 1/150 to 1/2 hp. All L-N motors are 
capable of meeting U.L. and C.S.A. application tests. Leece-Neville 
has more than 50 years of experience manufacturing motors and other 
electrical equipment, and modern facilities assure not only top 
quality, but also delivery to your schedules and lead times. For full 
information, just mail the coupon at right. 
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Mode! No, 6C 


Model No. 6E 


SINCE 1909 


The Leece-Neville Company, Dept. cT-2 
Georgia Division, Gainesville, Georgia 


Please forward details on your shaded 
pole and permanent split capacitor 
motors. 


I aii ee FF Ce icntitnciittn 
Company 


Address _ stpaseninadiiies 


City Zone____ State 


Type of product __ 
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From miniature to sub-miniature to micro, the electronics industry is constantly 
striving to reduce the size of electronic components. As a result, there is an 
increasing demand for ceramic in smaller and smaller sizes. Coors is meeting this 
demand by making small-scale ceramic parts in mass production quantities at 
precision tolerances. Write for Design Data Sheet 7002, describing Coors manu- 
facturing methods and facilities for small ceramic parts, and latest examples. 


Or call your nearest Coors Regional Sales Manager: west Coast, William S. Smith, Jr., 
EM 6-8129, Redwood City, Calif.; Miowest, John E. Marozeck, FR 2-7100, Chicago, Iil.; CENTRAL, Donald 
Dobbins, GL 4-9638, Canton, Ohio; East Coast, John J. McManus, MA 7-3996, Manhasset, N. Y.; NEw 
ENGLAND, Warren G. McDonald, FR 4-0663, Schenectady, N. Y.; SoutHwest, Kenneth R. Lundy, DA 7-5716, 
Dallas, Texas; SoutHwest, William H. Ramsey, UN 4-6369, Houston, Texas. 


ALUMINA CERAMICS 


Coors Porcelain Company 
600 NINTH STREET e GOLDEN, COLORADO 
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ARNOLD 6T CORES: 
PROTECTED AGAINST SHOCK, 
VIBRATION, MOISTURE, HEAT... 


AVAILABLE FROM STOCK 


The hermetically-sealed aluminum 
casing method developed exclu- 
sively for Arnold 6T tape cores is 
packed full of advantages for you 
.. . performance-improving and cost- 
saving advantages. 

It is compact: you can design 
for minimum space/weight re- 
quirements. It’s extra-rigid to pro- 
tect against strains. And it gives 
you maximum protection against 
environmental hazards. Arnold 6T 
tape cores are guaranteed against 
1000-volt breakdown . . . guaran- 


teed to meet military test specs for 
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resistance to shock and vibration 
.. . guaranteed also to meet mili- 
tary specs for operating tempera- 
tures. They require no additional 
insulation before winding, and can 
be vacuum-impregnated afterward. 

And now a NEW Arnold service: 
immediate delivery on your proto- 
type or production requirements 
for Deltamax 1, 2 and 4-mil Type 
6T cores in the proposed EIA 
standard sizes (see AIEE Publica- 
tion 430). A revolving stock of 
approximately 20,000 Deltamax 
cores in these sizes is ready for you 
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on warehouse shelves. Subject to 
prior sale, of course, they’re avail- 
able for shipment the same day your 
order is received. 

Use Arnold 6T cores in your de- 
signs. Technical data is available; 
ask for Bulletin TC-101A and Sup- 
plement 2A (dated June’60).@Write 
The Arnold Engineering Company, 
Main Office and Plant, Marengo, Ill. 


ADDRESS DEPT. EM-2 


OLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 
CITIES © Find them FAST In the YELLOW PAGES 
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New! The most 
reliable limit switch 


ever developed 


(from Cutler-Hammer, of course) 


Limit switch failures Cause more pro- 
duction down time than any other elec- 
trical component. Suddenly this problem 
has been greatly reduced by the new 
Cutler-Hammer oiltight limit switch. 
Under test conditions much tougher 
than in actual production, it lasted far 
longer than any other limit switch. 


It fits almost anywhere and in any 
position. A simple field adjustment 
changes switch operation to close the 
contacts by lever motion that is clock- 
wise, counterclockwise, or both. And, 


WHAT’S NEW? ASK... 


CUTLER-HAMMER 


Cutler-Hammer Inc. Milwaukee, Wisconsin « 
mmer international, C. 


4amn t ational, 
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Division: Airborne Instruments Laboratory « 
. Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A. 


no other switch is sealed more effec- 
tively. Even the silver-to-silver contacts 
are visible for quick inspection. Send for 
Pub. ED143-C231 now for full details. 


What's new at Cutler-Hammer? 
We're planning ahead—with new, better 
products, like the limit switch. We’ve 
added plant capacity, new engineering 
talent and our new trademark sym- 
bolizes our new capabilities to help you 
plan ahead. Call the nearest Cutler- 
Hammer sales office to see how we can 
fit into your team. 


| | 


Subsidiary: Cutler- 
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Here is another GIANT STEP toward optimum reliability... 


* Sprague Electric’s new COMPULYTIC Capacitors 
now permit digital computer power supply filtering 

at operating temperatures to 85 C as standard. This is a full 
20 C higher than capacitors offered by other sources. 
COMPULYTICS will reduce your design headaches and 
cut down your cooling and ventilating problems. 


New! 


_- cl 
eT TN 130,000 pF 
capacitors 


2.5 VDC 
Fa th gee 


CSTE Mls 
Som MM Tcl b at 


* Trademark 
* Under normal 85 C operating conditions, Type 32D 
COMPULYTIC Capacitors display extremely low leakage 
current, low equivalent series resistance, and have higher 
permissible ripple current values. Extended shelf life of 
3 years and more is another outstanding feature. 


* Ratings up to 130,000zF at 2.5 volts or 630uF 

at 450 volts are skillfully packed into the largest standard 
case size of 3" dia. by 45%4" high. Capacitor banks as large 
as 1 farad have been constructed, in relatively small space, 
using COMPULYTIC Capacitors. 


* Because of their extremely high stability, COMPULYTICS 
are ideally suited for use in continuously adjustable voltage 
power supplies since they will not “deform” when 

operated for long periods at lower than rated voltages. 


For complete specifications on Type 32D COMPULYTIC 


Aluminum Electrolytic Capacitors, write for Engineering Gy 
Bulletin 3441B to Technical Literature Section, 
Sprague Electric Co., 307 Marshall St., North Adams, 


Massachusetts. 
THE MARK OF RELIABILITY 


SPRAGUE COMPONENTS: 


CAPACITORS « RESISTORS *« MAGNETIC COMPONENTS ¢ TRANSISTORS « INTERFERENCE FILTERS e PULSE NETWORKS 
HIGH TEMPERATURE MAGNET WIRE e CERAMIC-BASE PRINTED NETWORKS ¢ PACKAGED COMPONENT ASSEMBLIES 
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| No Let-up in Technology 


ABOUT THIS TIME, economists and business leaders 
are wont to prognosticate what business will be 
like in the year ahead. We would all like to know, 
because economic conditions affect our livelihood 
and our security. This year, none are too sure about 
the “roar” of the sixties and we all are aware of 
some kind of a recession or “rolling adjustment.” 
Being neither economists nor business men, we 
editors would like to assess the situation as to the 
spurs to electro-technological development, whether 
from military or competitive private sources. 

Writing before the new Administration takes 
office in Washington, we can venture the conjec- 
ture that defense spending will be upped, perhaps 
by another $2 billion for fiscal 1962. Over the past 
several years, the proportion of the military budget 
going into electrical and electronic systems has 
steadily increased —- communications, telemetry, 
radar, guidance, computers, aircraft and vessel 
navigation systems, servo systems. Funds allocated 
for military aircraft are shrinking, but the increas- 
ing content of electronic gear on those still in 
production is keeping expenditures in that cate- 
gory on a level. Of more direct concern to R & D 
engineers is the demand for more sophisticated 
missile offensive and defensive systems. Weapons 
systems such as the Atlas, Polaris and Titan mis- 
siles will be produced in greater quantity. Elaborate 
warning systems and electronic countermeasures 
will be further developed. 

Program responsibility is in the hands of a few 
large prime contractors (the top 100 got about 
three-quarters of the procurement dollar in 1959), 
and the trend appears to be toward less subcon- 
tracting. The smaller systems-subcontractors are in 
danger of losing out to the “primes” or being 
bought up by a non-electronic manufacturer who 
wants to diversify into this “glamour” business, as 
Wall Streeters call the space industry. The com- 
ponents suppliers—some 1500 of them—are on 
surer ground and should benefit from expanded 
defense programs. 

Fortunately, the electronics industry is not pre- 
dominantly dependent upon defense business. While 
military plane production is shrinking rapidly, 
commercial plane production is rising and the com- 
plexity of the traffic problem at major airports will 
force an accelerated program of ground control 
systems. And more than ever, as jets fly faster, 
there is need for automatic flight control and air- 
borne computers for quick decision making. 

Most rapid expansion in the next few years is 
expected to be in microwave systems applications 
and in micrcwave components. The more opti- 
mistic look for a 25 per cent growth is sales this 
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year. Microwave growth will be accelerated by 
FCC allocation of some new frequencies for non- 
military users. Development-wise, the application 
of millimeter wavelengths now awaits only the 
breaking of power limitations on present tubes. 
In the lower of the high frequencies, stereo broad- 
casting of FM is about to be launched, and in the 
monaural field, FM auto receivers will find a much 
wider market (a million or more sets this year). 
Radio broadcast stations are also on the increase. 

Aside from X-ray apparatus and hearing aids, 
medical electronics is still in its infancy and much 
development is seen for the next few years. 

Computer-type controls are going not only into 
aircraft and missile guidance control systems, but 
also into industry. The 1960 Machine Tool Expo- 
sition definitely established numerical control as 
the way of obtaining lowered production costs on 
short runs and brought out a new group of control 
systems manufacturers who are borrowing circuit 
techniques from computer technology. Last year, 
computers were employed for the first time as 
on-line controllers in a few chemical plants and 
oil refineries. More applications will follow. Power 
plants are being designed with computers used 
both as data processors for human-operator de- 
cisions and as on-line, closed-loop controls. In 
several instances, designers of conventional process 
controllers are tying up with computer makers. 
Rolling mills are being computer controlled, and 
in one new installation three highly-competitive 
control manufacturers are supplying interrelated 
black boxes for the system. Blast furnaces are on 
the verge of being computer automated. 

This new type of systems design approach is 
changing the competitive situation between sup- 
pliers of drive and control elements. Conventional 
types of control are being challenged and wholly 
new methods are being explored. Economic con- 
siderations will largely govern industry’s accept- 
ance of these sophisticated controls, but in this 
era of change it would be shortsighted for a control 
manufacturer not to do some of the exploration. 
One thing is certain: to do this is going to require 
more engineering of an analytical nature. And it 
is going to require a close working arrangement 
between engineers of various disciplines, 

The year 1961 may be a bit on the dull side 
marketwise, but it should be an exciting year 
from a design engineering point of view. 


Editor 





EXTENDED SURFACES 


for Heat Transfer: 


Longitudinal Fins of Rectangular Profile 


Extended surfaces or fins have long been 
used for the purpose of increasing the 
rate of heat transfer between the surface 
of a structure and the surrounding am- 
bient fluid. They are used in heat ex- 
changers, on radiators and the cylinders 
of air-cooled engines, in appliances and 
on electrical components where the gen- 
erated heat must be efficiently dissipated. 
The analytical approach to heat-ex- 
changer, extended-surface design pre- 
sented here leads to far more efficient 
results than the usual handbook methods, 
which do not reveal the frequently very 
real advantages of one fin shape over an- 
other, or the conditions under which the 
use of extended surfaces is impractical. 


ALLAN D. KRAUS 
Senior Engineer, Countermeasures Division 
Sperry Gyroscope COMPANY 


Division of Sperry Rand Corporation 
Great Neck, L. I., N. Y. 


ONE OF THE SIMPLEST fins for analysis and also manu- 
facture is the longitudinal fin of rectangular profile. We 
shall therefore use this fin to begin the study of extended 
surfaces and the problems of choosing a fin for maximum 
efficiency and minimum material and weight. 

The differential equation for the temperature-differ- 
ence profile must be formulated and solved for the 
cases of 


(a) no heat flow from the end of the fin 


(b) heat flow from the end of the fin 
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(c) a modification of the fin which corrects for the heat 
loss from the end of the fin. 


The mathematical analysis will be based on certain 
assumptions and limitations, Fig. 1: 


(a) The heat flow is steady; i.e., the temperature at 
any point in the fin does not vary with time. 

(b) The maierial of the fin is homogeneous and the 
thermal conductivity of the fin is constant. 

(c) The coefficient of heat transfer is constant over the 
entire face surface of the fin. 

(d) The temperature of the surrounding fluid is uniform. 

(e) There are no temperature gradients along the length 
and across the width of the fin. This requires that the 
height of the fin is great when compared with the width 
so that no significant difference in temperature exists be- 
tween the fin axis and its faces. It also means that the 
only temperature gradient that occurs will be from the 
base to the end along the height of the fin and hence, no 
heat is transferred from the fin sides. 

(f) There is no bond resistance at the base of the fin 
and the temperature at the base is uniform. 

(g) There are no heat sources within the fin itself. 

(h) A negligible amount of heat is transferred out of 
the fin end and sides, unless otherwise noted. 


Differential Equation for the Temperature Pattern 

In the longitudinal fin of rectangular profile, Fig. 1, 
the coordinate x is taken as having its origin at the 
base of the fin and is positive in a direction toward the 
end of the fin. The differential equation for the tem- 
perature pattern is formulated by considering the small 
element of fin height, Ax. This element has a cross- 
sectional area which is constant over the entire height 


of fin 

A =6L 
and embraces a surface area 

AS = 2(L + 8)Az 
which will be equal to 

AS = 2LAr 


if we honor the assumption that the fin length and height 
are very much greater than the width (L >> 8, b >> 8). 

Now, let the temperature of the fin at element A x be ¢. 
Because the surrounding fluid is considered at a uniform 
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temperature, ¢,, the temperature excess or difference 
between fin and surrounding fluid is 


6é=i-t, 
from which, by differentiation, we obtain 
de = di 


Note here that we have presumed that the fin is 
transferring heat to the surroundings. This presump- 
tion will be maintained throughout this development. 
There is a heat balance in which the heat entering equals 
the heat leaving the element of height Ax. The heat 
entering at position x will be in accordance with the 
Fourier Law 


dt 


dé | 
dx 


dz = —kA ai. 


| = —kébL 


In a similar manner, the heat leaving the element at 
position x -++- Ax will be 
dt 
Qz+Az = —kA dz 


Heat also leaves the element Ax through surface 
AS by convection. Accordingly, 
qe = hAS(t — t,) = 2hL Axe 
The heat balance, equating the heat entering the element 
with that leaving, will therefore be 
dz = Qz+dz t+ Ye 


de dé 
AZ 


z j2+Az 


—kbL + 2hLArée 


which may be adjusted to give 


er 
dz 


z+Az dr r 2h 
Seema ee -_ = 0 
Ar ké ri 


In the limiting case as Ax approaches zero, Eq 
becomes the second-order differential equation 


Nomenclature 


= cross sectional area, sq ft 
= profile area, sq ft 
n height, ft 
corrected fin height, ft 
an arbitrary constant, dimensionless 
refers to corrected height (subscript) 
Naperian base, dimensionless, also refers to 
end conditions 
heat transfer coefficient, Btu/sq ft-hr-deg F 
heat-transfer coefficient at end of fin, Btu/sq 
ft-hr-deg F 
thermal conductivity, Btu/ft-hr-deg F 
fin length, ft 
fin performance factor, 1/ft 
a dimensionless quantity, hi/2k 
refers to base conditions (subscript) 
refers to profile (subscript) 
heat flow, Btu/hr 
surface area, sq ft 
refers to surroundings (subscript) 
temperature, deg F 
length coordinate, ft 
a dimensionless ratio 
a dimensionless ratio 
fin width, ft 
temperature difference or excess, deg F 
= small change in 
= fin efficiency, dimensionless 
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f=fin temperature /, = surrounding temperature 


Fig. 1 — Longitudinal fin of rectangular profile, terminology and 
coordinate system. 


as is 
n= aque 
kb 
The general solution to this differential equation may 


be stated immediately as: 

6= Cye™= aa C.e~™= (4) 
where the arbitrary constants, C, and C., are to be 
evaluated for the boundary conditions imposed. 


Temperature Excess Patterns and Heat Flow 


Through Base 

@ (a) Simplified case, no heat flow from end: In the 
case of no heat flow from the end of the fin, where x = b: 
dé dé 
Q|2—1 = —kbL #| “7 - (5) 

rad rab 
since neither k, § nor L are zero. In addition, for a 

uniform temperature excess at the base, 


O| rao = 9% (6) 


Equations (5) and (6) are the boundary conditions. 
To apply the first of these, the general solution to the 
differential equation is differentiated: 


do 
= = mCye™™ — mC,e-™ 


dz 
and with the boundary condition of Eq (5) substituted, 
it is seen that 


£ 0 = mCye™’ — mC,e-™ 
ond 
Cem = Cre (7) 


At the base, the temperature excess is the base tem- 
perature minus the surrounding temperature, and 


{-t=0=GQ+C, (8) 
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ess 


8/8, Per cent temperature excess over base temperature ex 


x, distance from base, 


Fig. 2— Temperature distribution for longitudinal fin, rectangu- 
lar profile; copper, 1/16 in. wide, 2 in. height, h = 25 Btu/sq ft- 
hr-deg F. 


Equations (7) and (8) are now used to evaluate the 
arbitrary constants C, and C.: 
eC, — e-™C, = 0 


and 


Therefore, 


. | 6, 1 ! 6,e-™> 6.e"™" 
C= a ee a ie 


jem — em em’ + e-™> 2 cosh mb 


1 1 


| om + | 
ty al nen 
™~ 2 cosh mb 


C. 
; 2 cosh mb 

Thus, we may obtain the particular solution to Eq (3) 
for this simplified case as 


_— Bo 
a 2 cosh mb 4 


—mbomz 4. embe—mz] 


6, fs 
> é 


= 1 @ m(b—z 
2 cosh mb 


_ 6, cosh m(b — x) 
cosh mb 


(9) 


Equation (9) is the temperature excess at any point 
in the fin as a function of the distance, x, from its base. 

“@ (b) Ideal case, heat flow from end: The heat bal- 
ance used to formulate the differential equation for the 
temperature excess in the fin does not depend on whether 
heat flows or does not flow from the end. Neither does 
the general solution. However, because of a different 
boundary condition for the case of heat flow from the 
end, a particular solution that differs from Eq (9) will 
exist. 

Let the heat-transfer coefficient in convection at the 
end of the fin be designated as h,. This will allow us to 
distinguish between the coefficient at the end and faces 
of the fin since they may be, but are not necessarily, 
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equal. The heat flow from the end of the fin will there- 
fore be equal to 


qe = A SL(t, — t.) = hdLA 


This, of course, is equal to the heat flow by conduction 
at the end and hence, at x = b, 
dé 


—kiL ze 


= hbLA| ss 


i) 


de h, 
. aoe eS 
dz ees 
Using the general solution, Eq (4), we obtain by 


differentiation 


he 


os omb 
Rp oe 


+ Cre-™?] (10) 


Cyme™’ — Cyme~™ — 
the first boundary condition for this case. The second 
boundary condition is, as before [Eq (8) ]: 


6=Q+C, 


The use of these boundary conditions will yield, as 


the solution for the case of heat flow from the end, 


bi (z/b)-2] LL »—mb(zlb) 
B,[eml(=/0)—2) + gue-mb(2 19] 


(11)* 


-2mb 


ate 


where 


It is obvious that, if the end heat-transfer coefficient 
is equal to zero, (he = 0), no heat will flow out of the 
end, a will equal unity, and Eq (11) will reduce to 
Eq (9). 

6. [em>' (z/b)—2} + e~mb(z/b)) 


—— 1 | + en amb 


4 [emPl(o/b)~a) + e~mb(z/b)] emb 


i + e-2mb * em 





% [e™*e~ mb |. e fine. at 


em + e-mb 


- 9o cosh m(b - x) 


cosh mb 


Equation (11) represents the exact solution and Eq 
(9) represents the approximate solution when the heat 
flow from the end is assumed negligible. The difference 
between the two solutions is shown in Fig. 2, which is 
the per cent temperature excess over the base temperature 
excess (6/6,) as a function of x and a. The curves are 
based on a copper fin (k = 225 Btu/ft-hr-deg F) 2 in. 
high and 1/16 in. wide and, of course, the curve shown 
for a = | is the representation of Eq (9). The value of 
m is established here for a heat-transfer coefficient of 25 
Btu/sq ft-hr-deg F on the faces of the fin and the values 
of a are obtained by varying the end coefficient, h,. 

e@ (c) The Harper-Brown modification: Inspection of 
Eq (11) will indicate that not all of the heat conducted 
through the fin is dissipated up to the end. Clearly, the 
edge temperature, say ¢t,, will not equal the surrounding 
temperature, ?,. 

*The reader may refer to Appendix A for the procedure used to obtain the par- 


ticular solution [Eq (11)] from the general solution [Eq (4)], using the boundary 
conditions of Eqs (8) and (10). 
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Harper and Brown, in 1922, proposed the use of a cor- 
rected fin height to account for the heat dissipated at 
the end of the fin. The fictitious added fin height, b’, as 
shown in Fig. 3, is provided to dissipate the excess heat 
remaining at the actual end of the fin (x = 6). If the 
total fin height is now designated as b, = b + b’, the 
fictitious end at b, can be considered as assuming the 
temperature of the surroundings, ¢,, and the temperature 
excess at the fictitious end will then be equal to zero. 
This will then permit the application of a boundary 
condition which considers no heat loss at the end such 
as the one given by Eq (7), but modified for the 
corrected fin height, b,. 


0 = 0 = mC: — mC,e~™*e 
oF eats (7a) 
Cye™*. = Cre~™e 
The heat loss from the end when the corrected height 
is not used is (Fig. 3): 
q = hsL(t, — t,) = hsLa, (12) 
and if all of this heat is to be dissipated between x = b 
and x = b,, then, as shown above 
do 


dr 
rahe 


= 0 


This requires that b’ = b, — b be of such magnitude 
that all of the heat represented by Eq (12) be dissipated 
between x = 6b and x = bh, or 


hiL@, = h(2L + 26)b’0, 
and if L >> $ 
hiLé, = 2hLb’'6, 


The value of b’ is now obtained as 


6 
9 
é 


b’ = 
and the corrected fin height is 


b=b+ =b+5 (13) 


- 


the original uncorrected length plus one half of the fin 
width. Indeed, this appears as if the end of the fin were 
hinged and one half of the width is folded out and 
added to the height. 

The heat flowing through the base of a fin with no 
end loss can be obtained from Eq (9) and the Fourier 
Law. Let this be used for the present application, with 
b, substituted for b: 


| 
q\z2-0 = —kA - = —kiL ¢ 


z= r= 
d [* cosh m(b, — z) 


dr cosh mb, 


—kbL 
= —pep | — 8c sinh m(b. — 2) 
cosh mb, 
kiLmé, tanh mb, 
However, 
| 2h 
kb 
so that 
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Fig. 3— The Harper-Brown modification. 


and hence the corrected length, b,, becomes 
6 h 
sadintiacke 2 side. km? 


e@ (d) Heat flow through base: The heat flowing 
through the base for the Harper-Brown approximation is 


qo = kiLmé, tanh m(o + a) 
h 
= kiLmé, tanh({ mb + -) 
km 
and if we recognize that 


eee \/ 3 
k Ve ™ 
ki 


we have 


| hd 2 
2k ) (15) 


qo = kiLmé, tanh (ms + 


The dimensionless parameter h8/k is, of course, the 
Nusselt number.* This differs from the quantity \/ h8/2k 
by the radical and the numeric, 2, which hardly changes 
the fact that it is a dimensionless parameter. Indeed, 
if we propose a definition 


hé — 
Va7v" 


we will have for the heat flow from the fin (equal, of 
course, to the heat flowing through the base) : 


qo = kiLmé, tanh (mb + JN) (16) 


The dimensionless quantity N, containing the same 
quantities as the Nusselt number, should not be confused 
with the latter factor, which is used in correlating forced- 
convection, heat-transfer data. 

The simplified temperature excess relationship, Eq 
(9), was used to find the heat flowing through the base 
of the fin. When the heat flow from the end is considered 
negligible, 

= —patt| = psp % | 


dz | dz | 
z= z 


= kiLmé, tanh mb (17) 


Furthermore, the exact solution for the heat flowing 
through the base may be obtained by using Eq (11) 
in the same manner. Following this procedure, we first 
differentiate Eq (11) with respect to x, 


**‘Heat Flow Theory,” A. D. Kraus, Erecraica, Manuracrurinc, April 1959, p 132. 
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do 
dx dr 





a + e72mb 


d joins a ——1} 


O,-m[embl(z/b)—2) — ace ™b(2 1b) ) 
4 a + em 
and at x = 0, 


dé 6.m[e2™> — a] 


dr em tag 
The heat flow through the base for the ideal case 
is therefore 
] — pg~2mb 
a: cat dé | " kbLm6,[a e ] (18) 
dz | 


a+ e-2mb 





z=) 


or, more conveniently, 


koLmo,] ~ +- tanh mb | 
vm ‘L mk eon (19)* 


‘ee se tanh mb 


mk 
The error involved in using the simplified expression 
for the heat flow, Eq (17), and the Harper-Brown heat 
flow, Eq (16), compared to the ideal heat flow, Eq (19), 
is shown in Fig. 4. Because all of the heat-flow equations 
contain the factor k5Lmé@,, Fig 4 shows the dimension- 


Jo = —— 


*The procedure used in obtaining Eq (19) from Eq (18) may be found in 
Appendix B. Of course, h,/mk VN. 
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Fig. 4-——- Comparison of various methods of accounting for end 
losses in heat flow through longitudinal fin of rectangular profile. 
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less parameter q,/kiLm@, as a function for the dimen- 
sionless parameter mb for several values of N. It should 
be noted that h,/mk = \/N, in the ideal case. This is 
not necessarily equal to h/mk = \/N in the Harper- 
Brown approximate solution. Figure 4 presumes that 
h = h, and hence \/N, = \/N. Finally, it should be 
noted that when V = 0, all three solutions are identical. 

All of the foregoing considerations of temperature 
excess relationships and heat flow into the base of the 
fin are summarized in Table I. 


Efficiencies 


The temperature excess relationships in Table I show 
clearly that the maximum temperature excess occurs at 
the base of the fin. This is true for the ideal case, the 
simplified case, and for the Harper-Brown approximation. 
Furthermore, the temperature excess decreases as the 
end of the fin is approached. 

This decreasing temperature excess as a function of 
fin height leads to a problem in applying the fin surface 
in performance and design computations. If it is desired 
to determine accurately the mean temperature difference 
between fin and surroundings, one must perform a labori- 
ous calculation such as a planimetric measurement of the 
area under the temperature excess curve. It is evident 
that designs based cn the temperature excess existing 
at the base of the fin will be optimistic. Similarly, one 
can see that a design based on any other temperature 
difference will be quite uncertain because the selected 
temperature difference will occur at only one point along 
the height of the fin. 

It is customary to use the fin efficiency in applying 
extended surfaces in heat-transfer calculations and heat- 
exchanger design. The fin efficiency is defined as the 
ratio of the actual heat dissipated by the fin to the ideal 
heat dissipated if the entire fin is operating at the tem- 
perature difference existing at the base. The actual heat 
dissipated is the heat passing through the base of the fin, 
qo, and the ideal heat dissipation is equal to gq; = hS6,. 
Hence the efficiency is defined as 


Table |—Summary of Temperature Excess and 
Base Heat-Flow Relationships for Longitudinal 
Fin of Rectangular Profile 





0.[eml(z 1b) —2) +-ae~m>(z /b)] 


kiLmé,|V N, +tanh mb) 
1 +N, tanh mb 
Eq (19a) 


ate 
Eq (11) 


Harper- 
Brown 
approxi- 
mation 


6. h m(b. —x) 
cosh m(b-—x) kiLmé, tanh (mb+/¥ N) 


cosh mb- 


| Xq (16) 


Simplified 
solution, 
no heat 
flow from | 
end Eq (9) 


6. cosh m(b— 
8- COBR zm\ x) kiLm#, tanh mb 





cosh mbc 


Eq (17) 
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n = Qo/Gi (20) 


In an alternate manner, we may define the actual heat 
dissipated by the fin as gq, = A sSads so that, by defini- 
tion, we have 

h SfedS 


[a AE BE (21) 
hS0. S0, 8 


The ideal limit for efficiency is, of course, one hundred 
per cent. If a configuration has an efficiency of, say, 
sixty five per cent, we can consider sixty five per cent 
of the total extended surface as operating at the base 
temperature difference. 

For the longitudinal fin of rectangular profile, arid for 
the simplified case with no heat loss from the end, 


qo = kiLmé, tanh mb (17) 


and hence, 
Go kiLmé, tanh mb 


ya 2bL hb, 


= (ar) CF) tenn ms 


where 2bL is the surface area of the fin faces. But 
kS/2h = 1/m?, so that the efficiency is simply 


= (+ (= il ails tanh mb 
7 = m? b anh mo = =o 


Dusinberre has pointed out that, for efficiencies greater 
than 0.75, an accurate representation for Eq (22) can 
be obtained by considering the infinite series for tanh mb: 


ee oe yee ee eee 
3 15 315 


and hence, if all terms containing mb to a power higher 
than 3 are neglected, the efficiency may be represented by 
(mb)* 


tanh mb me 3 


mb 


a (mb)? 


“ ayer eee (23) 
~ (mb)? (mb)? 
ee 
as long as mb < 1 (corresponding to an efficiency of 
about 0.75). 
Equation (22) is also the efficiency for the Harper- 


Brown approximation, but with 6, substituted for b: 


_ tanh mb, 


mb, (24) 
For the ideal case, 


“i kbLm6,[a — e~*™>] 
eo 


The efficiency is then 


a<-é¢é 


—2mb 
: qe _ kiLmé, re | 
T obLhe, + hdl fo, [St<T 





a 4 e72mb 


ann 2mb 
kim | %— © | 
ate —2mb 


2bh la + e~2mb}] + hd [e~™> + ae~™?] 
a +" e~2mb 
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Efficiency , per cent 


Fig. 5 — Efficiency of longitudinal fin of rectangular profile. 


kim [a — em] 


~ 2bh [a +e] + he le + ae] 


ces kim [a — e~?™?] 

~ 2bh [a + e~2m>] + hde~™ [1 + a] (25) 
Note that if the edge loss is neglected, h, = 0 and 

hence a == 1. Then Eq (25) reduces to 


_ kém [1 — 7) 
1 2bh (1 +e] 


CN 1—e >) tanh mb 
mbLi+e2™> | = smb 


the efficiency for the simplified case as given by Eq (22). 

The efficiency of the longitudinal fin of rectangular 
profile is shown in Fig. 5 as a function of mb,. Dusin- 
berre’s relationship [Eq (23)] is also shown and a 
serious deviation from even the simplified case can be 
noted for values of mb, greater than 1.00. This is because 
all terms after the second have been neglected in the 
series expansion for tanh mb,. 

When should fins be used? Consider once again the 
actual heat dissipated in the ideal case: 





h, 
kiLmé, ( ttm mb) 


qo — —_—_— 
1 + (*) tanh mb 


The form of this expression indicates that if all variables 
are held constant except the fin height, b, there will be 
one value of fin height that will permit a maximum heat 
flow through the base. This optimum height may be ob- 
tained by determining the point at which the slope of q. 
as a function of b vanishes. We therefore differentiate 
Eq (19), recalling that 


(19) 


tanh ar = a sech? ar 


d 
dr 
and obtain 


he 
kiLA.m E tanh mb + 1 | m sech? mb 
dqo _ : mk 


- [1 + ‘€) tanh mb | 
mk 


kiLA@,.m [3 ik + tanh mb | : sech? mb 


[1+ ( « ) tanh mb | 


With the foregoing equation set equal to zero, we find that 


he he 
m| tanh mb +4 1] - = = + tanh mb | 


i 7 he 
: tanh mb + m = a. + j- tanh mb 
he — Bhe _ 
mk? 2Qhk 


This equation indicates that the heat flow through the 
base will be a maximum when the dimensionless para- 
2hk is equal to unity. For values of this 
parameter less than unity, the fin will have a favorable 
effect and will aid the flow of heat from the base surface 
to the surroundings. When this ratio is greater than 
unity, the fin will have a retarding effect on the heat 
flow. Particularly if h, = h, then 


meter 6h,” 


bh2 bh? bh ‘ 
maa“ 
and if Eq (26) is rewritten as 


2k 


6 


h= (27) 


we see that the fin is performing in an optimum manner 
when the surface conductance is just equal to twice the 
internal conductance. 


Cptimum Dimensions 


The optimum dimensions of fin height and width will 
be those for which the maximum quantity of heat is 
dissipated. This demands that the heat flow through the 
base of the fin be maximum. 

For a thin fin with small surface conductance, 8, A and 
h, are small, which allows consideration of the simplified 
case because N and h,/mk will also be small. Hence 


= kiLmé@, tanh mb 


and with m = \/2h/k8 inserted, 
qo = kbL V2 = 6, tanh b 
= Lé, »/ 2hké 6, tanh b oo 
ki 
The profile area of the fin is A, = bé, so that we have 
>» = La, V/ 2hké tanh— 1, [2h 
5 V ki 


oh 1 3/2 
ah 
k ( 3, (28) 


Now differentiate Eq (28) with respect to 8 and set 
the result equal to zero: 


= 16, »/ 2hké tanh A, 


do 
dé 


5/2 


2h 3 ] 
/ 2hk5 (4, V=)(- 9 \(+) , 
teh 3/2 
2h (1 
sech? [ 4, V> (=) ] 
a — 3/2, | 
/ > VBR ; ) tanh [ 4, V=(3) | 


from which 


3A, 34, 2h ‘i V5 2h 
ie ~ch?— pr = tanh—sa - 
38 sech? 8 = tanh 6 


where 


2h 
i V - 


ene a 


[> 


Recall that 


2 sinh 8 
2 tanh 8 Dn ~cosh B 
sech? 8 " - 
cosh? 8 
= 2 sinh 8 cosh 8 = sinh 28 
so that Eq (29) may be rewritten as 


9 
p = He (30) 


The above is a transcendental equation that may be 
solved by assuming values of 8 and checking for the 
equality of both sides of the equation. Application of 
this procedure will yield 


= 1.419 
and thus the value for the optimum fin width will be: 
_f Ap (th\* 7”... rmasy” 
=[ 45 (F) |] -om [FEF] ad 
This gives an optimum fin height of 


ee 969 kA a9 
b= 3 = 1.262 a (32) 
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Appendix A 
Begin with a general solution 

6 = Cye™* + Cre-™* 
and let the boundary conditions 


he 


Cime™ — Cyme-™ = — } [Cyem> + Cye-™ (b) 


and 6 =C,+C, (c) 


be specified. From Eq (c), evaluate C, in terms of C, 
Ci = 0, " Cy 
and substitute this into Eq (b) 


h, 


m [8 — Caden — Cxe-™*] = — 5" (60 — Caden + Cre) 


m [asen® — Ca(em® + e-m*)] = — 4 [aem® + Cale? — e*)] 


_h. hs 
6,.em> — —mb _ omb 
a k ( “is 
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(m + 7 een = (m { ; ) Gre t (m — ; \ Cem 


(m + ; )ouens 
from which C, = ( (d) 


( - ie CP re h, ~~ 
m+ > je m k 


Divide C. by e,,» and factor [m — (h./k)] in the de- 


nominator 
: 1 h. P 
wm -- - 
k 


= + (m =~ Ee etm 
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Appendix B 
Begin with 


_ kbLm6,[a — e~*™] 
atem 


and divide throughout by e-?™ to obtain 


qo 
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Since a = [m 
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where 


Now, use Eq (e) to evaluate C, in Eq (c): 
ad, 
a 4 e72mb 
By ad, ae 0,e°2™> — = 0 
es ate wm 
6,e72™> 0, 
ate 1 + ae 
The complete solution is 
6. ems 
4 = 
1 + - qenmd 
0,e™2%e~2mb ad,e-™* 
= a+ eum a + en2mb 
90 [emel (2/b)—2] + ae es 


a+ em 


C, = i 
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ad,e~-™* 
a + e-2mb 


a = } 


ae gmt E TJ 


to) ezmb an ‘J 1 
a a | st): r 
kiLmé, [5 —- + tanh mb | 


1 ah (ey ‘oink mb 
mk 
kiLmé, [./ N, + tanh mb] 
1+ JN, tanh mb 
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| Some of the principles upon which this series of 
| articles is based were discussed in the previously 
published Science & Engineering article 

@ Heat Flow Theory—April 1959 
which is available in reprint form—see page 162. 
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Reprints 


A combined reprint of this five-part series on Ex- 
tended Surfaces for Heat Transfer will be made 
available at nominal cost upon publication of the 
concluding installment. 





Advances in Magnetism 


and Magnetic Materials 


_ A report on current advances in magnetic 
materials and their impact on design en- 
gineering as interpreted from selected pa- 
pers presented at the AIEE- and AIP-spon- 
sored Conference on Magnetism and Mag- 
netic Materials. Reviewed are theoretical 
aspects of the conferences, and sections 
treating oxides, metallic films, high coer- 
clive materials, metals and alloys and soft 


magnetic materials. 


HAROLD E. BARKAN 


Associate Editor 


Tue SixtH ANNUAL CONFERENCE on Magnetism and Mag- 
netic Materials, held in New York November 14-17, was 
distinguished from some of its predecessors by a particularly 
wide spectrum of contributed and invited papers. These 
ranged all the way from “pure” physics to the more easily 
recognized provinces of magnetic theory, materials tech- 
nology and those applications most applicable to the needs 
of the design engineer. 

This report summarizes the practical aspects of those 
papers having most significance in engineering design. Some 
of this is an extension of material presented in the four 
preceding conference reports published by ELectro-TEecu- 
NoLoGyY (formerly Electrical Manufacturing).* In order 
to establish a rationale for the relationship between the 
basic research and the applied research papers, this report 
will begin with a discussion of magnetism fundamentals as 
interpreted by Dr. Harry Suhl of the University of California 
from pertinent papers presented at the conference. 

* Previous conference reports published in Eectrro-Tecunovocy (formerly 
Electrical Manufacturing) : 
oa Push Back Design ‘Stops,’"’ 1956 Conference, January 


“Design Advances from Magnetism Research,” 1957 Conference, January 1958, 
p 86. 


“‘New Developments in Magnetic Materials and Applications,"’ 1958 Conference, 
February 1959, p 56. 

“‘Magnetism Research Pushes New Engineering Developments,” 1959 Conference, 
Part I (February 1960, p 123), Part II (April 1960, p 159). 


Fundamentals 


The conference certainly “began at the beginning” with a 
paper by Keffer of the University of Pittsburgh. It is known 
that at the absolute zero of temperature an ideal ferro- 
magnet has all its electronic magnetic moments lined up 
along the magnetization direction. However, to discuss the 
state of such a ferromagnet at a finite temperature, it is 
also necessary to know something about thermal excitations 
away from this all-lined-up state. These excitations take the 
form of “spin-waves,” natural wavelike oscillations of the 
spins about the lineup direction. Spin waves play a vital 
part in modern ferromagnetism, not only from a basic point 
of view, but also in such applications as microwave ferrite 
limiters, amplifiers and harmonic converters. However, the 
spin-wave concept, useful though it is, has long been clouded 
by a basic difficulty: a single spin wave is one of the natural 
modes of oscillation of a ferromagnet; a superposition of 
two or more such waves is not strictly a natural mode 
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because these several waves interfere with and scatter each 
other. When this interference is neglected, spin-wave theory 
makes certain definite predictions about the thermal proper- 
ties of a magnet; for example, the initial decrease of the 
magnetization as the temperature is raised from zero degrees 
absolute to T degrees should vary as 7%/2. The small devia- 
tions from these predictions due to the interaction of several 
spin waves have been calculated by a number of distinguished 
theoreticians. For sheer simplicity, however, Keffer’s expo- 
sition would be hard to beat. He argued that certain results 
previously obtained by rather recondite mathematical meth- 
ods (such as the 7* correction to the T°/? decline of the 
magnetization) may be derived simply by a careful con- 
sideration of the reduction in the exchange field acting on 
a particular spin when a number of spin-wave excitations 
is already present. 

A good fraction of the conference was occupied with a 
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novel aspect of magnetism largely uncovered by the neutron 
spectroscopists: the ordering of spin systems in other than 
the conventional fully aligned or antialigned configurations. 
Particularly interesting are the spiral or screw configura- 
tions, and transitions between these and the more usual 
ferromagnetic or antiferromagnetic ones. Yosida and Miwa, 
of the University of Tokyo, explained the somewhat be- 
wildering succession of different spin orderings through 
which some rare-earth metals pass as the temperature is 
varied. They showed that some of the observed thermal 
behavior and some of the neutron data could be accounted 
for by assuming specific “range functions,” specific varia- 
tions of the exchange interaction with distance between the 
f-shell spins of the rare-earth ions. They also took account 
of anisotropy energy and showed how this sometimes decided 
whether it was possible to go from a ferromagnetic to a 
spiral or an antiferromagnetic arrangement when the tem- 
perature is varied. 

It is by no means clear at this time how the necessary 
variation of exchange interaction with distance comes about; 
it is fairly certain, however, that a major portion of the 
interaction consists of indirect interaction via conduction 
electrons. The f-shell spin on one rare-earth ion is an ex- 
change interaction with the spins of the conduction elec- 
trons, polarizing them to some degree. Again, by exchange 
interaction, they will transmit this polarization (or rather 
a small part thereof) to another f-shell spin. This transmittal 
of spin information is of fairly long range, of the order of 
a few lattice spacings, and can be interpreted as an effec- 
tive exchange interaction between the rare-earth spins them- 
selves. Though the range function so arrived at oscillates 
in sign, nevertheless, on the basis of the most simple-minded 
picture of the conduction electrons as a sea of perfectly 
free carriers, it is not certain that the spiral arrangement 
could be arrived at as the lowest energy configuration. It 
is possible that special band structure effects, such as “um- 
klapp processes,” will have to be invoked. 

Apparently spiral configurations are not confined to 
metals alone. In certain oxides of spinel structure, a 
thorough exploration of the field of all possible pairs of 
values of the exchange interaction between two neighboring 
ions on B sites, on the one hand, and between two ions 
on A and B sites on the other, shows up some conditions 
in which spiral spin arrangements should occur. An im- 
pressive computational investigation of the types of ordering 
to be expected in various regions of this “exchange para- 
meter space” was presented by Kaplan, Dwight. Lyons and 
Menyuk of MIT. 

The arrival on the scene of such relatively novel spin 
arrangements has naturally stimulated interest in the pos- 
sible form of their magnetization curves. U. Enz, of Philips 
Research Labs, presented his conclusions concerning the 
magnetization process of a helical spin configuration in a 
hexagonal structure with axis of the helix along the c axis. 
In particular, he discussed the case of a perfectly “trans- 
verse” spiral with all the spin directions confined to the 


This report summarizes and interprets the Sixth 
Annual Conference on Magnetism and Magnetic 
Materials, sponsored by the American Institute of 
Electrical Engineers and the American Institute of 
Physics. As before, cooperation with the sponsor- 
ing groups has been given by the Institute of Radio 
Engineers, the Metallurgical Society of the AIME, 
and the Office of Naval Research. 


FEBRUARY 1961 


basal plane and no projection along the c axis. He proved 
that, for small magnetizing ‘fields parallel to the basal plane, 
a small magnetization will result; but when the field sur- 
passes a certain minimum value, the spiral breaks up and 
the spins align themselves largely along the field, with only 
a relatively small undulation about the field direction at- 
testing to the former spirality. Apparently certain hexa- 
gonal oxides, as well as dysprosium, in a limited tempera- 
ture range, show behavior that may be explained in this way. 
Here there is a state of affairs that is somewhat analogous 
to the high-field properties of an antiferromagnet, though 
the analogy is not perfect. A field along the antiferromag- 
netic lineup direction will not produce any magnetization 
until it exceeds a certain threshold value (essentially equal 
to the geometric mean of the exchange in anisotropy fields). 
Beyond this threshold, the sample becomes a ferromagnet. 
For the spiral magnetized in its own basal plane, there is 
some magnetization even below the threshold field, since 
all spins except those exactly parallel or antiparallel to 
the field experience a torque. An actual case of “spin- 
flopping” from the antiferromagnetic to the ferromagnetic 
arrangement was reported by Jacobs of General Electric in 
manganese fluoride. He produced the necessary large 
threshold field (about 92 kilo-oersteds) by means of pulse 
techniques. Antiferromagnetic resonance actually measures 
a similar quantity as the threshold field; a certain fraction 
of one of the sessions on spin configurations was devoted to 
such resonance. Keffer, Sievers and Tinkham gave an ac- 
count of their work on resonance in MnO, and Foner of 
Lincoln Lab related his work on a wide range of composi- 
tions of the form (Cr.,O,),_,(Al,O), to the theory of 
variation of antiferromagnetic resonance frequency with 
temperature. Such a theory involves both the temperature 
variation of the anisotropy and that of the magnetization, 
but agreement with observations is not always obtained. 

Space does not permit discussion of all the contributions 
on the subject of spin arrangements. However, it is im- 
possible to leave this subject without mentioning the excel- 
lent review of the recent work in neutron diffraction pre- 
sented by Koehler of Oak Ridge. This work has provided 
the impetus for much of the experimental and theoretical 
study that is now in progress in connection with helically 
spin-ordered materials. 

Though the qualitative concepts of exchange interaction 
as the origin of magnetism go back to Heisenberg’s ideas 
advanced in the late nineteen twenties, the relation of what 
is observed to the finer quantitative details of the atomic 
structure of magnetic materials is by no means crystal 
clear at this time. In recent years, two rather powerful 
methods of probing the state of the atom in a ferromagnet 
have become available. One is the Moessbauer effect and 
the other is nuclear magnetic in ferromagnets. Successes 
with the latter method were described by Portis of the 
University of California, Berkeley, at last year’s session. 
The past Conference presented no less than five papers 
(not to mention papers on related matters) dealing with 
this subject. In the magnetic transition elements, the mag- 
netism as normally observed resides chiefly in the outer- 
most d-shell. However, the spin polarization of this shell 
does not pass unnoticed by the inner shells: a refined calcu- 
lation of the electronic wave functions of the inner s-elec- 
trons moving in the self-consistent exchange potential due 
to the d-electrons shows a slight tendency to unpairing of 
the supposedly antiparallelly paired (and therefore mag- 
netically inactive) s-electrons. The magnetic interaction of 
each electron with the nucleus can be shown to reduce very 
nearly to a so-called contact term: the spin of each electron 
produces at the nucleus an effective magnetic field, the so- 
called hyperfine field, which is proportional to the proba- 
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bility of the electron’s being located exactly at the nucleus. 
For all but the s-electrons this probability vanishes; for 
s-electrons, especially inner s-electrons, it is quite large. 
Accordingly, a single unpaired s-electron produces a very 
large field at the nucleus. Thus the fields due to two 
closed-shell s-electrons, which have their spins antiparallel, 
will exactly cancel. However, the self-consistent exchange 
potential set up by the polarized d-shell upsets this delicate 
balance, smearing out the charge of that s-electron whose 
spin is parallel to that of the d-shell over a somewhat greater 
volume. Consequently, the anti-parallel] s-electron is some- 
what denser at the nucleus than the former. This unbalance 
produces fields of several hundred kilogauss at the nucleus, 
directed oppositely to the applied field. Such high fields are 
confirmed by the correspondingly high frequency at which 
the nuclear resonance occurs. As may be readily imagined, 
the precise interpretation of this field involves complications 
outside the scope of this rough outline; an account of a 
detailed calculation was presented by Watson of Avco and 
MIT and Freeman of OMR and MIT. 

In some cases it is possible to measure the effective field 
at the nucleus by means of the Moessbauer effect, whose 
applications to solid-state physics problems are just begin- 
ning to be exploited. What is involved here is the decay, by 
gamma-ray emission, of a radioactive Fe’ nucleus (itself 
the decay product of Co*? dissolved in the material under 
study) to ordinary, stable Fe®’. This emitted gamma ray is 
extremely monochromatic, its natural linewidth correspond- 
ing to a Q with the staggering value of 10'*. In the free 
nucleus, this phenomenon cannot be utilized. In the emis- 
sion process, the nucleus recoils with a velocity that can be 
determined from momentum conservation. The resulting 
kinetic energy of the recoiling nucleus must be subtracted 
from the energy of the gamma ray, whose frequency is thus 
reduced. The reduction is well in excess of the natural 
linewidth. Therefore the stable iron nuclei of the target used 
as a detector cannot absorb the ray, which has the wrong 
frequency. However, as realized by Moesshauer, when the 
nucleus is locked in a crystal lattice, its recoil is enormously 
impaired and detection becomes possible. The experiment 
is done by moving the emitter relative to the absorber or, 
conversely, at various velocities of the order of only centi- 
meters per second, thereby doppler-shifting the frequency 
and so plotting the line-shape. Actually, a succession of 
lines is plotted: the spins of the radioactive and stable Fe®* 
nuclei are different, the hyperfine field splits the spin-levels 
of both into two sets and the selection rules for the gamma- 
ray transition between the upper and lower sets are such 
that several emission lines are seen. The actual splittings, 
and therefore the spacings between the observed lines, are 
related to the hyperfine field, which may thus be determined. 
A wealth of experimental results of this kind was reported 


Metallic 


A great amount of experimental and theoretical literature 
has been accumulating on the study of matter in the thin- 
film state. Although the magnetic properties of films have 
to some degree come under consideration, the emphasis has 
distinctly been on optical and electrical properties. In the 
last several years, however, magnetic studies have received 
increasing attention. This interest is continuing on an in- 
creasingly active scale as the magnetic properties of thin 
films have not only intrinsic scientific interest. but also an 
emerging technological 
components engineering. 


significance for digital-computer 


Magnetic Anisotropies of Nickel Films 


The magnetic anisotropies in evaporated polycrystalline 
nickel films have been measured by C. D. Graham and J. 
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by Wertheim ot Bell Telephone Labs. He derived the 
hyperfine fields at the iron nucleus immersed in Fe (333 
kilo-oersteds), in Co (310 kilo-oersteds), and in Ni (265 
kilo-oersteds). Yet, in the antiferromagnetic transition metals 
Mn and Cr, no hyperfine structure was observed, for reasons 
that are not yet entirely clear. 

Under the same general heading, Jaccarino of Bell Labs 
presented some unexpected results of nuclear resonance 
experiments in intermetallic compounds of the form XA\I.,, 
where X denotes a rare-earth ion. The field for resonance 
of the aluminum nuclei, at a given frequency, is shifted 
from its normal position because the applied field polarizes 
the f-shell spins of the rare earths, which in turn polarize 
the conduction electrons by exchange interaction, as already 
explained. These then polarize the aluminum nuclei much 
more than they would if they had been polarized by the 
applied field alone. The magnitudes of the observed shifts 
are well accounted for, as is the switch in sign of the shift 
as X goes from the less than half-filled to the more than 
half-filled f-shells. Though the change in sign is as ex- 
pected, the sign itself is opposite to what would be sup- 
posed. Aside from some more speculative interpretations, 
there are at present only two ways of explaining this sign. 
One way is to assume the effective f-shell-conduction elec- 
tron exchange constant to be negative, a result that could 
come about only by some indirect process. The other way 
is to assume that the spatially oscillating conduction elec- 
tron polarization happens to have just the right periodicity 
so as to change sign as one goes from the polarizing f-shell 
of a rare-earth ion to the nearest aluminum neighbor. 
Neither explanation seems satisfactory at the present time. 

One step nearer to the phenomena of the fundamentals 
of magnetism were the sessions on thin films and on ferro- 
magnetic resonance, the latter a reportorial session with 
G. T. Rado of NRL as reporter. In a remarkably balanced 
and instructive tour de force, he reviewed about fifteen 
papers ranging in substance from simple new resonance 
results to some very subtle spin-wave effects. 

Part of the session on anisotropy concerned itself with 
atomic interpretation of experimental results. Slonczewski 
of IBM reviewed theories of anisotropy in oxides, and the 
papers of Geschwind (Bell Labs) and of Walker (Bell Labs) 
respectively concerned themselves with the anisotropy of 
an isolated Fe*++ ion in (non-magnetic) yttrium gallium gar- 
net and with the relation of this anisotropy to that in the 
structurally almost identical magnetic yttrium iron garnet. 
The two anisotropies actually differ, if for no other reason 
than that in the magnetic garnet the iron spins are coupled 
into a collectively moving ferrimagnetic system, and collec- 
tive effects will modify the anisotropic behavior of the 
isolated ion in a non-magnetic environment. 


Films 


M. Lommel of General Electric Research Laboratory with 
a torque magnetometer over a range of fields from 10 to 
2000 oersteds. These films were deposited in a vacuum of 
more than 10-°° mm Hg, and the measurements were carried 
out in the vacuum system at pressures below 10-° mm. The 
magnitude of the induced uniaxial anisotropy was measured 
as a function of temperature up to the Curie point of nickel 
(360 C), and the kinetics of the magnetic annealing process 
have been measured from room temperature to 200 C. It 
was concluded that the anisotropy K, decreases roughly 
linearly with temperature above room temperature, reaching 
zero near the Curie temperature. 

Polycrystalline evaporated films of nickel-iron alloys usu- 
ally exhibit uniaxial magnetic anisotropy. The direction of 
the easy axis can be controlled by depositing a film at 
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oblique incidence to the substrate normal, or at normal inci- 
dence in the presence of a d-c magnetic field. Oblique-in- 
cidence anisotropy is due to chains of crystallites forming 
perpendicularly to the beam direction due to a process of 
self-shadowing. The geometry of these chains is sensitive 
to angle-of-incidence, rate of deposition, and orientation of 
the magnetization M. As presented by D. O. Smith of MIT, 
the latter effect suggests that crystallite elongation in the 
direction of M may occur in normal-incidence films. 

When a film is deposited at normal incidence in the 
absence of a magnetic field, magnetic anisotropy is still 
developed. However, the orientation of the easy axis is not 
predictable, although anisotropy values are obtained which 
are about the same as for films deposited in a field. This 
implies that the applied field merely defines the direction 
of M, which in turn determines the magnetic anisotropy. 
Field-induced anisotropy is thus actually an M-induced 
anisotropy. 

Study of spatial inhomogeneities in the normal-incidencé 
M-induced anisotropy field H;, is an aid in understanding 
the origin of this anisotropy and the switching behavior 
of films. Small-angle dispersion of H;, is attributed to local 
deviation from isotropy of the isotropic tension present in 
films; measurements support this model. Magnitude disper- 
sion is estimated from rotational hysteresis experiments. 
Large-angle dispersion of a special type has been identified 
wherein certain regions of a film have an easy axis per- 
pendicular to the field present during deposition; i. e., H;, 
is negative in these regions. 

For alloy compositions within a few per cent of 83 
per cent Ni, 17 per cent Fe, the normalized wall coercive 
force (h, == H,,/H:,) has significance beyond the defining 
concepts. Thus, A,, is a measure of resonance line-width and 
an internal field inferred from resonance data; for h,, > 1, 
a unique “locking” phenomenon occurs. Bitter-pattern studies 
of quasi-static switching show that negative Hj), regions are 
present and that h,, is, in some sense, a measure of these 
regions. 

The incoherent switching of locking and non-locking films 
is quite different; the non-locking case will be considered 
first. The Bitter pattern which occurs after saturation along 
the easy axis and subsequent application of a reversing 
field at 35 deg to the easy axis in an h,, — 0.58 film is 
shown in Fig. 1. The domains which break up the coherent 
rotation enter from the edge of the film and consist of a 
labyrinth pattern of alternating regions of switched and 
unswitched M. If the field is reduced to zero, Fig. 2, the 
internal labyrinth walls become well-defined 180-deg walls 
(Fig. 3). 


Fig. 3-—— Labyrinth domain in zero field. 


‘ »— 
Fig. 4— Propagation of a labyrinth domain. 
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Fig. 1 — Bitter pattern after saturation along easy axis of a non- 
locking film; reverse field of 1.3 oersteds at 35 deg to easy axis. 


k—50,.—>4 


Fig. 2— Field to zero after Fig. 1. 


Propagation of a labyrinth domain is from the tip, as 
shown by the dotted lines in Fig. 4. The reason for this 
behavior is postulated to be local variations in the switch- 
ing threshold due to variations in the magnitude and orien- 
tation of H;. Thus, it is assumed that the threshold in region 
I is slightly higher than in region II. As a consequence, 
region II switches, leaving region I unswitched and new 





Fig. 5 —— Superimposed B-H loops of a thin Permalloy film. 


wall segments are formed as shown. The localization of this 
process to the tip of a labyrinth domain depends on the 
lowering of the threshold in region II by magnetostatic in- 
teraction with the partially rotated region I; after region 
II switches, the threshold in region I is raised by magneto- 
static interaction. 

Labyrinth switching had been observed for reversing 
fields H, over essentially the complete 90-deg range of 
angles to the easy axis (0 deg to 80 deg). When H, is along 
the easy axis, 180-deg domains separated by cross-tie walls 
commonly occur; domain propagation at the tip and sides 
by the labyrinth mechanism has been observed. 

If the reversing field exceeds the switching threshold of 
all regions of a non-locking film, switching should be com- 
pletely by coherent rotation. Thus, an explanation is pro- 
vided for the observed sharp transition to fast rotation as 
the magnitude of a fast-rise-time switching field is increased. 
Analysis shows that both magnitude and orientation dis- 
persion must be considered in order to account for the 
experimental pulse data. 


Properties of Permalloy Films Made by 
Sputtering 


The recent attempts to develop high-speed memory stor- 
age systems using Permalloy thin films have involved de- 
tailed investigations into the factors influencing magnetic 
anisotropy. Studies so far described in the literature have 
been concerned mainly with explaining the dependence of 
anisotropy on oblique-incidence effects arising in vacuum 
evaporation. The origins of such anisotropy are as yet poorly 
understood, and current efforts at improving uniformity of 
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Permalloy film matrices either concentrate on minimizing 
the geometrical factors encountered in evaporation or resort 
to the alternative technique of electrodeposition. A third 
possible method of preparing Permalloy films is that in 
which the alloy is deposited by cathodic sputtering. 

As reported by M. H. Francombe and A. J. Noreika of 
Philco, Permalloy films made by sputtering showed excel- 
lent adhesion to glass substrates and were noticeably freer 
from pinholes than vacuum-evaporated films. Analysis by 
the X-ray fluorescence probe technique indicated that iron 
sputters from the alloy slightly faster than nickel; thus, 
the average Ni composition of a film deposited from an 81 
per cent Ni cathode was 79.75 per cent. Films of the non- 
magnetostrictive composition, 81 per cent Ni, were obtained 
using a cathode containing 82 per cent Ni. Compositional 
homogeneity appeared to be about the same as that for the 
best films prepared by evaporation or electrodeposition. 

By applying either an a-c (60 cps) or a d-c magnetic 
field of about 20 oersteds parallel to the anode surface 
during sputtering, anisotropic films with values of wall 
coercive force (H,) from 1.8 to 2.5 oersteds and anisotropy 
coercive force (H);,) between 2.5 and 4 oersteds could be 
obtained on the uniform-thickness area of the anode. It 
was observed that when a weak a-c field (< 4 oersteds) 
was directed normal to the earth’s field, the films were, in 
several cases, “inverted,” with H;, slightly less than H,. 
When the a-c field was increased to about 8 oersteds, films 
possessing normal magnetic characteristics with H,/H, = 1.5 
were obtained. The superposition of the d-c transverse field 
component (due to the earth) on the weak a-c field pre- 
sumably leads to a dispersion of the anisotropy axis similar 
to that described in the literature. The condition producing 
the dispersion appears to be analogous to that arising in 
certain vacuum-evaporated crossed-axis “inverted” films. In 
the present experiment an a-c field-induced axis has been 
substituted for the oblique-incidence axis. 

The method of cathodic sputtering has been successfully 
employed to produce uniaxial Permalloy films possessing 
magnetic parameters similar to those displayed by vacuum- 
evaporated and electrodeposited films. Using simple experi- 
mental procedures, a high degree of reproducibility in H, 
and H,. values is readily achieved over deposition areas of 
several square inches. “Skew” of the easy axis, associated 
with oblique-incidence effects which are encountered in 
vacuum-evaporation. appears to be completely eliminated 
in sputtered films due to the random character of the depo- 
sition process. Preliminary results indicate that this tech- 
nique would offer considerable advantage for the prepara- 
tion of film memory matrices possessing uniform magnetic 
characteristics. 


Magnetic Anisotropy of Thin Permalloy Films 


A number of workers have reported on the properties 
of thin Permalloy films which have anisotropic magnetic 
properties in the plane of the film. These thin films have 
closed B-H loops in one direction (the hard direction) and 
open B-H loops in the orthogonal direction (the easy direc- 
tion). The direction of this anisotropy may be reoriented 
by annealing at relatively high temperatures and relatively 
high magnetic fields. In the work presented by Matcovich, 
Korostoff and Schmeckenbecker of Remington Rand, data 
are reported on films in which the anisotropy direction can 
be rotated through 90 deg at room temperature by fields of 
less than 10 oersteds. 

The film to be studied was made by the thermal decom- 
position of nickel and iron carbonyls on a heated glass sub- 
strate. Figure 5 shows superimposed B-H loops taken on 
such a film which is 2500 A thick. Figures 5(a) and 5(b) 
show loops obtained for orthogonal planar directions A 
and B. The loop originally obtained in direction A [1 in 
Fig. 5(a)] is closed and that obtained in direction B [1 


ELECTRO-TECHNOLOGY 





in Fig. 5(b)] is open. All B-H loops are taken at a drive 
of 4.3 oersteds at a 60-cps repetition rate. Loops numbered 
2 are obtained after application of a single cycle of 9.3 
oersted drive in the A direction, loops 3 are obtained after 
application of 3 cycles, and loops 4 are obtained following 
several hundred cycles. 

In the preparation of these films, minor hysteresis-loop 
properties were observed on a conventional 60-cycle, hys- 
teresis-loop tester. The application of a high field (9.3 
oersteds) of short duration in the hard direction results 
in an increase of the minor-loop induction in the hard 
direction. The repeated application of this high field causes 
the minor-loop induction to increase to the value obtained 
in the original easy direction. At the same time the induc- 
tion in the original easy direction is substantially reduced. 
The relaxation time for the rotation of the anisotropy axis 
was calculated from the time dependence of the induction 
and found to be 10 millisec. 

A simple model has been developed which relates the 
anisotropy rotation to specific domain-wall configurations 
and to the establishment of a “directional order” among 
interstitial carbon atoms. 

Films which possess rotatable anisotropy have been ob- 
served by Prosen, Holmen and Gran of Minneapolis-Honey- 
well Research Center. In these films, the easy direction of 
magnetization can be selected by the application of a 
sufficiently large magnetic field. The temperature-dependence 
of hysteresis and resistivity have been studied. Films have 
also been examined by electron diffraction combined with 
partial etch techniques. 

It is clear in the case of these films that a nickel oxide 
layer is formed during deposition. Evidence has also been 
presented for the existence of a nickel-rich layer. Such a 
film, which includes hard and soft magnetic layers, could 
produce many of the observed effects. 

The conclusion is that a nickel oxide layer on the surface 
of the film is essential for the existence of rotatable 
anisotropy. Some of the observations may be explained if 
the magnetization of at least one of the layers has a com- 
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Fig. 6—Hysteresis loops for films which possess rotatable 
anisotropy as observed along the easy direction. 


ponent perpendicular to the plane of the film as suggested 
by the hysteresis loop of Fig. 6. Two possible interactions 
which would produce this effect are: (1) an antiferromag- 
netic-ferromagnetic interaction between the NiO and the 
nickel-rich layers, and (2) strain between the nickel oxide 
and negative magnetostrictive nickel-rich layer. The obser- 
vation of biased hysteresis loops (unidirectional anisotropy) 
in some films deposited under similar conditions lends sup- 
port to the first type of interaction. 

The magnetic and optical anisotropies observed by M. S. 
Cohen of MIT in oblique-incidence Permalloy films show 
anomalous behavior for incidence angles greater than 60 
deg (grazing incidence). In particular, the easy axis and 
the direction of greatest optical absorption are parallel to 
the vapor beam for incidence angles greater than about 70 
deg, while they are perpendicular to this direction for 
smaller angles. The anomalies for grazing-incidence films 
are caused by a shape anisotropy differing from that previ- 
ously found in lower angle oblique-incidence films. This 
new shape anisotropy is attributed to the elongation in the 


Fig. 8— Resonance data at room temperature before and after 80 
annealing an oblique-incidence negative-magnetostriction film 
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beam direction of the particles composing the crystallite 
chains which are found in all oblique-incidence films 
(Fig. 7). 

The anisotropy of evaporated Permalloy films (composi- 
tion near zero magnetostriction) deposited on glass at 45 
deg to the substrate normal and at a substrate temperature 
of 200 C has been studied by G. P. Weiss and D. O. Smith 
of MIT after anneal for several hours at 300 C. After anneal, 
the room-temperature easy-axis of films with positive mag- 
netostriction is in the original direction. However, films 
with negative magnetostriction develop a new room-tempera- 
ture easy-axis 90 deg to the original one; at 300 C, the 
easy axis is in the original direction (Fig. 8). Application 


of a large magnetic field in any direction during anneal 
does not influence the final magnetic anisotropy in either 
case. These effects are qualitatively explained by assuming 
that the anneal increases the tension along the long axis 
of oblique-incidence chains, a process which converts surface 


energy into strain energy. 

Anisotropy was measured by resonance in a coaxial bridge 
over the frequency range 50 to 2100 mc. A rectangular 
coaxial cavity is used which can be heated to 500 C in a 
vacuum of 10°° mm Hg; continuous angular orientation of 
the film is possible with a resolution of +0.5 deg. Bridge 
balance is good enough to permit samples of less than 100 
A to be measured. 


Metals and Alloys 


Recently, the compound Co,Gd was shown to have anti- 
ferromagnetic coupling. Current work on compounds of this 
type (in which most of the rare-earth elements have been 
substituted for gadolinium, and copper has been substituted 
for some of the cobalt) has been done by Nesbitt, Williams, 
Wernick and Sherwood of Bell Telephone Laboratories. 
The rare-earth elements which have a high magnetic moment 
(Gd, Tb, Dy, Ho, Er, Tm) have an effect on the magnetiza- 
tion vs temperature curve which is startling. The moment 
is greatly reduced in the vicinity of 0 deg K in the pres- 
ence of one of these elements, in contrast to the high moment 
obtained when yttrium or a low-moment rare-earth element 


(Ce, Pr, Nd, Sm) is present. As a result of these measure- 
ments, the magnetic structure of most of the compounds 
of cobalt with a rare-earth element may be considered as 
consisting of a sublattice of the rare earth whose magnetic 
moment is in opposition to that of the sublattice of the 
cobalt atoms. All of the compounds conform to this picture 
with reasonable accuracy except those which contain Pr 
and Nd. In these two cases, the moment of the compounds 
is actually increased, but the reason for this behavior has 
not been determined. The presence of compensation points 
in the magnetization of some of these materials has been 
demonstrated experimentally. 


Soft Magnetic Materials 


Past measurements of losses on. soft magnetic materials 
magnetized to high flux densities have been largely con- 
fined to determination of a quasi-static hysteresis loss over 
a nondescript cycle of magnetization and losses with sinu- 
soidal magnetization at frequencies greater than 15 cps. 
However, since the simple concept of a hysteresis loss com- 
bined with an eddy-current loss in a homogeneous medium 
has become outmoded, measurements of losses resulting 
from sinusoidal magnetization over a frequency spectrum 
from near-zero to power frequencies are desirable. 

Losses are described by Wyklendt and R. Kay of Allis- 
Chalmers in (110) [001] textured silicon-iron strips which 
were magnetized with sinusoidal induction of negligible dis- 
tortion in the frequency range 0.02 to 100 cps. Flux density 
amplitudes of 10, 15, and 17 kilogauss were used. A direct- 
coupled amplifier with very large negative feedback and a 
low-distortion oscillator were used to excite the specimens. 
Losses in the range 0.02—0.4 cps were obtained from loop 
measurements; bridge measurements were made in the 
range 0.4—100 cps. 

The measurements reveal a sharp drop in the loss per 
cycle as the frequency is decreased from 1.5 to 0.02 cps. 
The downward concavity of the loss-frequency curve which 
was observed previously for the power-frequency range is 
therefore even more prominent at very low frequencies. The 
effect increases with the amplitude of the flux density. 


Magnetic Core Losses Resulting from a 
Rotating Flux 


Most work in the past for determining magnetic core 
losses has been based on the assumption of an alternating 
flux. However, in parts of many machines such as generators, 
the flux rotates rather than alternates. Because of this, it 
would be advantageous when calculating the losses in a 
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machine if data on losses due to a rotating flux were avail- 
able. 

At the 1957 Conference on Magnetism, a paper was de- 
livered in which the magnetic core loss comparator (also 
known as the magnetic probe) was described. Since that 
time, a procedure has been devised by means of which the 
magnetic core losses caused by a rotating flux can be de- 
termined using this instrument. A rotating flux is obtained 
by inserting the legs of a cross-shaped lamination into two 
sets of magnetizing coils, each set at right angles to the 
other. If the phases of the magnetizing currents going into 
each set of coils are adjusted so that the resulting fluxes 
are 90 deg out of phase (electrically) with one another, a 
rotating flux results in the lamination. Core loss readings 
are made every 30 deg (geometrically) about a point near 
the center of the lamination using the magnetic probe. The 
actual Joss of the material can then be determined by adding 
the losses in any two mutually perpendicular directions. 

Core loss measurements were made under varying flux 
conditions ranging from a pure alternating flux (flux in 
only one direction) to a pure rotating flux . (flux in two 
mutually perpendicular directions of equal magnitude). 
Intermediate to these two extremes, measvrements were made 
with the flux densities in the two directions of unequal 
magnitude. This latter condition is a close approximation 
to that found in an actual generator. 

Utilizing the above technique, the magnetic core losses 
caused by a rotating and an alternating flux were deter- 
mined for an oriented and a non-oriented silicon iron by 
A. Kaplan of General Electric. With both materials, the 
rotating losses were substantially higher than the alternat- 
ing losses, with the relative increase being greater for the 
oriented iron. However, the oriented iron was still the 
lower-loss material under all flux conditions. 
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Induced Magnetic Anisotropy Created by 
Magnetic Annealing of Fe-Al Alloys 


The aim of an investigation by Birkenbeil and Cahn of 
the University of Birmingham, England, was to test one 
prediction of the directional order theory of induced mag- 
netic anisotropy in solid solutions. If the physical basis of 
such anisotropy resides in a directional short-range order 
between solvent and solute atoms, then anything which pre- 
vents the establishment of such an arrangement of atoms 
must also inhibit the creation of induced anisotropy. Spon- 
taneous long-range order, in the form of a superlattice of 
cubic symmetry which determines the position of all atoms 
according to an isotropic pattern, should therefore inhibit 
induced anisotropy. The iron-aluminum alloy series was 
particularly suitable for testing this prediction since, by 
varying the composition and heat treatment, the structure 
can be altered from substantial cubic long-range order to 
complete randomness of atomic distribution. 

Polycrystalline samples of five iron-aluminum solid solu- 
tions were subjected to various heat treatments (a) in a 


strong magnetic field, or (b) under tensile stress. For (a), 
the samples were in the form of cylinders, while in case 
(b) they were machined into this form after stress treat- 
ment. Torque-azimuth plots were obtained from each sample 
by means of ‘a torque magnetometer; further heat treat- 
ments were then applied, followed again by torque measure- 
ments to permit correction for the intrinsic anisotropy due 
to unavoidable preferred orientation of grains. 

The maximum value of anisotropy, whether field or stress 
induced, arises at 21-22 atomic per cent aluminum. Induced 
anisotropy energies of up to 1700 ergs/sq cm were recorded. 
A variety of heat treatments was used to explore the inhibit- 
ing effect of spontaneous long- or short-range order on the 
development of induced anisotropy. This inhibiting effect 
is pronounced, and in stoichiometric Fe,Al it is possible 
to prevent almost completely the creation of induced aniso- 
tropy. Such inhibition is to be expected if the induced 
anisotropy is caused by directional order. A close corres- 
pondence is observed between the composition dependence 
of induced anisotropy and that of the Zener internal friction. 


Oxides 


Ferromagnetic chromium oxides of high purity have been 
synthesized by thermal decomposition of chromium trioxide 
in the presence of water at elevated pressure. These ma- 
terials, prepared by Swoboda, Cox, Arthur and Ingraham 
of Du Pont, consist entirely of a rutile-type crystalline 
phase with cell constants a, == 4.41 +£0.01A and cy = 
2.91 +0.01A and have compositions that are very close to 
the exact stoichiometry of the dioxide, CrO,. Saturation 
specific magnetizations of these oxides are in the range of 
98-100 emu/gm at room temperature and their Curie tem- 
peratures are about 126 C. By using different reaction con- 
ditions, it is possible to obtain either microcrystalline par- 
ticles from 3-10 microns in length and from 1-3 microns in 
width or single crystals of fractional millimeter size that 
are suitable for physical studies. In addition, elongated 
single-domain crystals only 0.5-1.5 microns in length and 
with length-to-width ratios of 8:1 or higher can also be 
obtained merely by adding catalytic amounts of Sb,0, or 
RuO, under hydrothermal synthesis conditions. 


Effect of Indium Substitution in Yttrium § Iron 
Garnet 


Initial studies on the effect of small substitutions of 
indium for iron in polycrystalline yttrium iron garnet by 
Cunningham and Anderson of the Naval Ordnance Labora- 
tory showed a substantial increase in the initial permeability 
over that of YIG. Since previous substitution of other ions 
has produced either little change or a decrease in the 
permeability, it was decided to study the effect of indium 
substitution on the garnet structure in more detail. Due to 
the size increase of In** radii over that of Fe*+, the sub- 
stitution of In*+ into the garnet structure is limited to the 
larger of the available Fe** sites. The general formula can 
be written Y,(Fe.,_,In,) Fe,0,., where x may take on values 
up to 2.0. X-ray determination of the lattice parameters for 
this series shows a linear dependence on x with an apparent 
change in slope for x > 0.6. For x < 0.65 there is no “de- 
tectable” trace of a second phase and the lattice constants 
vary from 12.376 +0.005A (x = 0) to 12.445 +0.005A (x 
== 0.6). For x = 0.65, a small perovskite phase is present, 
which becomes more apparent with larger x. Since the lat- 
tice constant of the garnet phase in the two-phased samples 
does increase with x, it appears that x will enter the garnet 
structure for x > 0.65. However, repeated firings at various 
temperatures have so far failed to remove the perovskite 
phase. 
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The relative initial complex permeability, »’, was meas- 
ured over a frequency range from 10% to 2 X 10° eps on 
high-density toroids. Increases in yp’,, the low-frequency 
value of yp’, over that of YIG were found for all of the 
single-phased garnets in the series. A plot of yp’) as a 
function of x shows an essentially linear increase from 
wo == 112 for x = 0 (YIG) top’, = 518 for s == O6. 
Magnetic-moment measurements were made from —196 C 
to the Curie temperature for this series. As in the case of 
other substitutions for Fe*+, the substitution of In*+ resulted 
in a decided decrease in the Curie temperature from 278 
+2 C for YIG to Ty, = 148 +2 C for x = 0.6. The room- 
temperature moment is only slightly higher than that of 
YIG (6.8 »,). On the basis of comparison of their thermal 
magnetic properties, it could be expected that Sc*+ sub- 
stitution in small amounts would also produce a rise in 
p’>. The increase in yp’, is attributed to the lowering of 
the Curie temperature while the magnetic moment is held 
nearly constant or slightly increased. 


Ferrite System for Application at Lower 
Microwave Frequencies 


Lithium ferrite has not found an important place 
among the useful microwave magnetic oxides. The use of 
Li, ,Fe, ,O0, for applications at the lower frequencies is 
restricted by large saturation moment, large dielectric losses 
and broad line width. As presented by Jefferson and West 
of Motorola Research Laboratory, substitution of aluminum 
for iron effectively reduces the saturation moment, but the 
line width increases at the same time. Substitution of 
chromium for iron produces similar effects. Very little work 
has appeared in the literature on ferrite systems containing 
titanium. 

Introduction of Ti** into the iron oxide system has been 
found to suppress the formation of ferrous iron, while Ti*+ 
is known to have a preference for the B-sublattice site in 
spinels, thus lowering the moment. Gorter reported on the 
properties of Ni, ; _ .Mn,FeTi, ,O,, Ni, , .Fe, — .,Ti,O, and 
Ni, a£n,FeTi, ,O,. Many compositions in these systems 
are characterized by large values of &esr factor and large 
line widths, which limit their usefulness at lower micro- 
wave frequencies. 

In order to lower the magnetic moment and simultaneously 
reduce dielectric losses in lithium ferrite, substitutions of 
| (LiFe),.; + Ti**] and [ (LiFe), , ++ Sn**] were made for 
2Fe**. The tin-containing system (LiFe), — o.5,Fe.Sn, - ,O, 
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did not form a single-phase solid solution. The titanium- 
containing system (LiFe), —o5eF@2q1i:-,0, did form a 
single-phase solid solution. The system has g,7 factors 
close to 2.0 and Curie temperatures in excess of 300 C, 
with saturation moments useful at lower microwave fre- 
quencies. Thus, the requirement that moderate values of 
saturation moment be obtained while maintaining a high 
Curie temperature is satisfied. As the titanium concen- 
tration is increased, AH, g,,;;, tan 6, and E, all decrease. 
The line widths of the lower members of the system are 
still relatively large. This condition induces ferromagnetic 
resonance losses when operating at frequencies where low 
values of applied magnetic field cause the onset of reso- 
nance. The line width of the basic composition of interest, 
(LiFe) , osFe, ¢Tiy ;O,, is 460 oersteds. 

The introduction of cobalt, effective in reducing the line 
width of certain ferrite systems, increased the line width 
of this system. However, substitution of Zn*+ for (LiFe), , 
effectively reduced the line width while the saturation mo- 
ment was increased. The g,;; factor also was reduced some- 
what as Zn** ions were introduced. 

The introduction of Al*** also reduced the line width 
and decreased the saturation moment. Both Zn*+ and Al**+ 
substitutions reduced the Curie temperature, as expected. 
Useful variations in line width and saturation moment 


were obtained while still maintaining reasonably high Curie 
temperatures. 


Remanent Magnetization of Synthetic 
Hematite Single Crystal 


The remanence of a virgin sample of a synthetic single 
crystal of hematite has been carefully measured by S. T. 
Lin of MIT along different directions through a tempera- 
ture range between 77 and 420 K. The effect of a direc- 
tive field, as applied through the low-temperature transi- 
tion on the remanence, was also studied. Some remarkable 
phenomena in contrast with those of the natural crystal 
have been recognized. 


1. There is no weak ferromagnetism along the [111] direction. 

2. The weak ferromagnetism is strictly limited to the (111) 
plane above the Morin transition and sharply reduced to zero be- 
low 259 K. The thermal hysteresis of the remanence-temperature 
curve forms a perfect square loop. 

3. If the sample were warmed through transition in zero ex- 
ternal magnetic field, no ferromagnetism could be observed along 
any direction in the crystal. 


This leads to the conclusion that the antiferromagnetic 
axes form equilateral triangular arrangement in the basal 
plane (111) above transition. 


High Coercive Materials 


Oxidized single-domain particles of iron-cobalt were 
found by Darnell of Du Pont to exhibit properties charac- 
teristic of an exchange interaction between ferromagnetic 
and antiferromagnetic phases. After cooling in a magnetic 
field, the normal hysteresis loop was shifted along the 
magnetization axis. Rotational hysteresis and torque values 
show maxima with increasing field and indicate effective 
unidirectional fields of ~ 20,000 oersteds. 


Crystal Lattice Study of Alnico Materials 


Transmission electron diffraction has been applied by 
Kronenberg of Indiana General Corporation to study the 
crystal lattices of various Alnico materials. The method 
seems to be accurate enough to determine Alnico materials 
in the as-cast state. During the technical heat treatment, 
a phase precipitates which has a lattice parameter of 2.88 
+0.03A. Within the limits of error, it was found that this 
parameter is uniform for all investigated Alnico alloys in 
spite of their different original composition. Surprisingly, 
this includes even Alnico VIII. 

The different magnetic properties of various Alnico 
magnets are correlated to the mosaic structure and the 
degree of ordering achieved by the precipitated phase. 
These factors vary considerably for the different Alnico 
materials, as electron diffraction reveals. In Alnico V, par- 
ticularly in the grade with columnar crystal growth (energy 
product above 7  10°® gauss-oersteds), the precipitate 
appears to have developed into a network extending con- 
tinuously throughout the magnet body displaying single- 
crystal order. 


lron-Cobalt Permanent Magnet Alloys 
(Vicalloy ll Type) 


A permanent-magnet alloy composed of 52 per cent Co, 
8 per cent V, 4 per cent Cr and balance Fe was subjected 
by Baran, Breuer, Fahlenbrach and Janssen of Krupp 
(Germany) to severe cold forming by drawing or rolling 
to produce a reduction in cross-sectional area of over 90 
per cent, and to subsequent heat treatments at temperatures 
varying between 20 and 700 C. After this, the following 
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properties were measured: magnetic saturation as a func- 
tion of temperature in the range from —200 to +700 C; 
coercive force as a function of temperature in the range 
from —200 to +-400 C; remanence; torque in the magnetic 
field; anisotropy energy; and longitudinal magnetostriction 
as a function of temperature in the range from -+-20 to 
+400 C. Vickers hardness, ultimate tensile strength, 
Young’s modulus, and coefficient of expansion were also, 
in some cases, determined. 

The permanent-magnet alloy tested consists of a fine 
two-phase structure, the body-centered-cubic a-phase being 
ferromagnetic above room temperature, while the second 
phase becomes ferromagnetic only at temperatures below 
room temperature. Magnetizing and demagnetizing of this 
alloy is brought about chiefly by domain rotation. 

Basically, permanent-magnet characteristics were not pro- 
duced by crystal anisotropy or anisotropy of directional 
order, but by a uniaxial anisotropy which may be either 
a shape or a strain anisotropy. The measured magnetic 
properties can be more easily explained by an anisotropy 
of internal stresses which in one model concept is produced 
by the process of a-y-transformation because of the clear- 
cut textures of both components. There are also indications 
that the mutual transformation of the two-structure com- 
ponents is coincident with noticeable shifts in chemical 
composition or order, particularly in the Y-phase. Oooo 
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Analyzing 


Failure Rates in 


Electronic © 
Components | 


Derivation of statistically accurate reliabil- 
ity data is frequently hampered by such 
difficulties as faults caused by manufactur- 
ing and use variables. Reliability of com- 
ponents may be analyzed by building up 
experience history and data for given equip- 
ments and environments. Fault conditions 
are summarized and selected failure rates 


are tabulated. 


G. W. A. DUMMER 
Royart Rapar EstaBLisHMENT 
Great Malvern, England 


THE STUDY OF FAULT RATES in any given type of elec- 
tronic equipment requires an accurate analysis of these 
three areas: 


a. the number of equipments in use and of components in 
each unit 

b. the duration of operation 

c. the operating environment. 


There are, however, practical problems in obtaining data 
for such a study. Factors such as the date of manufacture 
of the components (in some instances, the components 
may be several years old), the effect of instability and 
other deficiencies imposed by poor circuit design, over- 
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loading, insufficient or inadequate maintenance, all con- 
tribute to the difficulty of obtaining a statistically accurate 
analysis. We must conclude that the only way of tackling 
the problem is to build up experience data on the given 
equipments under given operational conditions. 

For optimum value, such data may very well extend 
over a span of several years. Typical of such useful data 
are those shown in Table I, obtained at the Atomic 
Energy Research Establishment, Harwell, England. The 
overall failure rate of the instruments investigated was 
between 0.5 and 1.2 per cent of the total components 
used per year. The reversal of the downward trend in 
component failure as shown in the figures for 1956 and 
1957, despite probable improvement in component qual- 
ity per se, may very well be due to increased severity of 
test conditions. 

Components in a fixed installation are operated under 
almost ideal conditions. They are not subjected to shock 
and vibration or to temperature extremes and high 
humidity. Cooling is the main environmental require- 
ment; its effect on the reliability of components is con- 
siderable. To illustrate the effect of environmental con- 
ditions, some fault-rate figures taken from military equip- 
ments are summarized in Table II. It will appear from 
this analysis that the ratio between faults in components 
operated under optimum conditions are from 10 to 15 
times less than those in similar components operated 
under adverse environmental conditions. 

Derating of components has a considerable effect on 
their long-term reliability. Wattage rating on resistors 
and voltage rating on capacitors are two obvious derating 
factors which will prolong life. In transistorized com- 
puters, for example, considerable work is being done on 
the effect of derating but, unfortunately, this takes time, 
and many years may elapse before full data are obtained. 

Despite continuing improvements in electronic com- 
ponent design and manufacturing techniques, failures 
may occcur owing to production and use variables. An 





Table 1—Summary of Failures, (Yearly) on 
Components in use at the United Kingdom 
Atomic Energy Research Establishment at Harwell 


Percentage failure per annum 


1951 | 1952 1953. 1954 | 1955 | 1956 | 1957 
Tubes 
Rectifiers 
Double diodes and 
double triodes 
Pentodes 
Stabilizers 
atinedinnseus 
Resistors 
High stability 
Carbon composition 
Wirewound 


Potentiometers 0.19 | 0.19 


Capacitors . s i & iy 0.33 | 0.36 
Paper . . . ; é . O45 | 0.11 
Ceramic | 0. J J F . J J 0.08 
Mica ° J i J . J F 0.1 
Electrolytic ; . J i . ‘ P 1.17 

Transformers J J J d . t . 0.83 

Relays | 1, y J f ; J y 0.62 

Switches F 7 F 5 ; J J 0.19 

Chokes a . . 0.17 

Metal rectifiers a, 3 1. 4 é J ; 

Meters ; 1.5 | 0.85 | 1. ‘ : 0. 75 
TOTALS (all com- 


ponents) 0.58 | 0.96 


| 1.20 | 0.59 | 0.72 








Table ll — Effect of Operating Conditions on 
Fault Rates 


(military Labora- (Man- 
environ- tory chester 
(Harwell) Uni- 
veuiy? 
Estimated wuhies hours 600 # 000 | 7,420 
Total components (including tubes) 8,024 | 587,394 20 ,892 
Total failures 210 4,534 | 
Hours pe r fault per 100 components | 230 1,430 


Sources of information 
mental 


| 
Service | Computer 
| 
tests) | 


Water computer conditions: 
Under laboratory conditions: 
Under service conditions: 


“Dende on rate is 0.33 per cent /1000 hr 
Fault rate is 0.79 per cent /1000 hr 
Fault rate is 4.4 per cent /1000 hr 


analysis of component faults caused by such variables 
is given here. It should be helpful in reliability studies. 


Fixed Resistors 


Carbon Composition. In this type of fixed resistor, 
owing to its configuration and its negative temperature 
coefficient, maximum heat is generated at the center of 
the rod. Under overload, most failures will therefore 
occur in this region. A reduction in resistance value is 
the first effect. Open circuits may also occur, since re- 
sistivities are not uniform throughout the resistor and 
the load becomes concentrated at certain points. Open 
circuits may also occur when the resistor is used in a 
constant-voltage circuit and the load rises as the resistance 
falls. Mechanical causes also exist for open circuits, such 
as insecurely fixed end-caps and wires, and undue bend- 
ing and stress of wires during soldering. 

Over a period of several thousand hours, all resistors 
of this type will decrease in resistance value. This is 
due to the drying out of the binder material and the 
contraction of the carbon granules. 


90 


Pyrolytic or Cracked-Carbon. Most of the failures 
experienced in this type of resistor occur in the higher 
values, generally over 100,000 ohms. Failures in the lower 
values are comparatively rare. Although great care is 
taken in their manufacture, it is possible that failures 
may be caused by: 


a. Variations in the quality and surface of the ceramic 
rod on which the carbon film is deposited; after grinding, 
cracks and surface flaws may cause the film to break up 
when the resistor is placed under load. 

b. Too close a spiral grinding; in high-value resistors, the 
spacing between the convolutions may be only 0.014 in. 
with a 0.014 in. cut; failure may result under voltage stress. 

c. Non-uniformity in the carbon film; the carbon tends 
to agglomerate and become patchy when the film is very 
thin (above 4000 ohms per square); for high resistance 
values it becomes necessary to use a higher value of ohms 
per square than is desirable. 

d. Differential expansion of the protective coating and 
the carbon film; this may lift off the film and cause open 
circuits. 


Wirewound. In this type, the most common fault is 
open-circuiting. Obviously, with the very fine wire used 
for the high values of resistance, great care must be taken 
in manufacture. Faults may be caused by poor welding 
or by electrolytic action in the presence of humidity when 
carrying direct currents, with consequent corrosion and 
fracture of the wire. Progressive crystallization of the 
wire, due to impurities (introduced, for example, in the 
drawing process), may also be a contributory cause 
where extremely fine wires are involved. (It should be 
noted that there is a change of temperature coefficient 
with time as a result of the release of strain after 
drawing. ) 

An unusual fault is the failure of fixed wirewound 
resistors under light load conditions. In some instances 
this is due to decomposition of the wire enamel and 
subsequent corrosion, in other instances to crazing of the 
enamel and random breaks in the wire itself. 


Variable Resistors (General Purpose) 


Carbon Composition. Noise or intermittent contact 
is the most common fault experienced in this type of 
resistor. The fault may usually be traced to dust or 
abrasive matter lodged between wiper contact and the 
track. 

Open circuits are sometimes encountered, and are 
usually due to breaks between the track and the end con- 
corrosion both of the 
contacts and the spindle can occur if the resistor is sub- 
jected to high humidity for other than very short periods. 
Considerable changes in resistance value may also occur 
as a result of such exposure. 

Wirewound. The general-purpose, high-wattage, low- 
ohmic-value resistors are usually free from troubles, but, 
due to presence of dust, etc., the higher values may be- 
come noisy or intermittent, or both. Where comparatively 
fine wire is used, open circuits may occur as a result 
of electrolytic corrosion of the end contacts under com- 
bined d-c and high-humidity conditions. 

Operating conditions that combine humidity with ex- 
cessive voltage may cause tracking or arc-over in all 
types of variable resistors. It is essential, therefore, that 
specified limits for voltages should be observed. 


nections. In unsealed resistors, 
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Fixed Capacitors 


Low-voltage Impregnated Paper Capacitors. The 
main faults that have occurred have been due to high 
leakage currents and short circuits. Of several probable 
causes of high leakage currents, the most common is 
deterioration of the resin impregnant. Deterioration of 
the paper dielectric itself may occur when ambient oper- 
ating temperatures are higher than normal, say, over 
70 C. Short circuits and burn-outs may result from ex- 
cessive voltage surges. The progressive deterioration of 
the impregnant would be a contributory cause to such 
breakdown. The date of manufacture of this type of 
capacitor is important, since aging effects may occur 
during storage. 

Molded Silver-Mica. Failures have occurred due to 
the slow build-up of conducting material with time across 
the dielectric. In some instances, silver migration over 
the surface of the mica has led to a drop in insulation 
resistance followed by voltage breakdown. The breakdown 
may be caused by corona effects from excessive a-c 
voltage, or it may be due to the presence of electrolytic 
impurities in combination with moisture inside the 
molded capacitor case. 

Silver-Ceramic. Silver migration may also adversely 
affect this type of capacitor. Actual breakdown may fol- 
low the path of silver migration from the electrode areas 
through a flaw in the ceramic. 

Electrolytic. Difficulties due to corrosion caused by 
electrolyte leakage are now rare; they were due mainly 
to faulty assembly, but this problem has by now been 
overcome. High leakage currents are, however, often 
caused by depolarization during storage. Capacitors likely 
to be affected by this condition should be re-formed 
before being used. 

In aluminum-oxide electrolytic capacitors, the main 
cause of failure is the electrolyte itself. At high tem- 
peratures, it may dry out and eventually lead to a high 
power factor and loss of capacitance. At low temperatures, 
the electrolyte freezes and causes a similar effect. Any 
corrosion effects are generally attributable to the elec- 
trolyte. Surges over the working voltage in this type of 
capacitor should be avoided in the design of equipment 
by using, where necessary, indirectly-heated rectifier 
tubes, delay switches, etc.; otherwise, repeated sparking 
will occur with consequent breakdown of the capacitor. 

It is possible that unwanted spurious pulses of 2-5 
microsec duration may be produced by solid tantalum 
capacitors, which may have serious effects in such appli- 
cations as in computers. A current surge due to rapid 
breakdown of the capacitor may occur at voltages above 
20. The effect is enhanced at higher operating tempera- 
tures. At 85 C and for a fully rated voltage, a complete 
breakdown may take place. The cause is not yet fully 
known, but is believed to be due to breakdown in the 
oxide film which does not immediately re-heal. When 
re-healing does take place, the pulse is produced. 


Connectors 


Generally, the widely used circular multi-pin con- 
nectors are being modified to cope with increasingly 
severe conditions of operation. For example, specially 
designed cable clamps are used to prevent breakage of 
soldered joints under strain. In aluminum connectors, the 
fine screw threads are subject to locking if corrosion 
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takes place in humid atmospheres, or if the connectors 
are forced in application. 

Contact troubles may occur, but are comparatively 
rare with this type of connector. Poor contact resistance is 
often due to the accumulation of dirt, etc., in the socket 
when left unmated for long periods, although covers are 
now provided to mitigate this condition. 

In unsealed types of connectors, flashover between pins 
may occur in damp climates through deterioration of 
the molded insulating inserts. This may occur at the 
front of the connector or at the back where wires are 
soldered to the terminations. The use of too much solder 
will often reduce the effective breakdown path. 

In rectangular types, troubles are mainly due to con- 
tacts. Oxidation of the contact metals takes place if they 
are left unused for some time. Gold plating will remedy 
this, and is being increasingly used. 

In the smaller types, the amount of penetration of pin 
into the socket is not always adequate; misalignment 
may take place, resulting in jamming. Insertion and 
withdrawal forces are sometimes high on this type of 
connector. 

In the larger types, poor contacts are sometimes caused 
by distortion of the spring contacts, Contact can in some 
cases be varied by flexing the cable. The insulation re- 
sistance of some molding materials may drop consider- 
ably when used in damp climates. 

In r-f types, mechanical strength is often lacking; many 
failures occur through mechanical damage to the parts. 
Again, fine coupling threads can cause difficulty, 
especially when plated. Poor plating can cause trouble 
as high spots cause threads to jam, and wear allows cor- 
rosion to take place underneath. Plating on contacts, 
especially socket contacts, needs special care. 

Sealing on concentric connectors is not always ade- 
quate, leading in some cases to electrical breakdown. 
Assembly of some types is complicated. Cable clamping 
arrangements sometimes lead to trouble, particularly 
the method of retaining braiding in shielding cables. This 
increases the liability of the inner conductor to fracture 
at or about the soldered joint. 


Relays 


In general-purpose relays, corrosion of fine wires due 
to electrochemical action, with consequent open-circuit- 
ing, may be encountered. Failures may also be caused by 
fatiguing of the armature suspension system, resulting 
in broken or displaced armatures. 

In unsealed relays, contacts may give considerable 
trouble due to dust and erosion of contacts in polluted 
atmospheres. Repeated cleaning is essential, but it must 
be done by skilled operators—much harm can be done 
to the fine adjustment of the spring sets by unskilled 
handling. 

In sealed relays, “poisoning” of the contacts can take 
place by contaminants brought about by sparking in a 
confined atmosphere. To overcome this, pellets of acti- 
vated charcoal are included within the sealed relay. Two- 
compartment relays are also being developed in which 
the contacts are sealed in one compartment and the coils, 
etc., in the other to prevent oxidation of the contacts. 

Faulty sealing will permit ingress and condensation 
of moisture inside the relay, with consequent corrosion 
and loss in insulation resistance of the coils and im- 
pairment of other characteristics. 





Table it! — Maximum Probable Failure Rates of 
Components (as a Percentage of Total Used 
per 1,000 hr) 


Probable 
failure rate 


Probable 
failure rate 
under general under 
| laboratory | computer 
| conditions conditions 
Capacitors (all types) 
Coils 
Connectors 
Crystals (quartz) 
Diodes, crystal 


Component 


0 
1 


ooroo 





Fuses and circuit breakers 
Gyros 

Inductors 

Lights (indicator, etc.) 
Magnetic amplifiers 


}ooouo 


Mechanical assemblies (differ- 
entials, etc.) 

Meters (indicating instruments) 

Networks (pulse forming, etc.) 

Networks (low-power) 

Potentiometers (all types) 


oor wo 
ooooco 





Printed circuit boards (each board) 
Relays (all types) 

Resistors (fixed, all types) 

Sockets (tube, C.R.T., etc.) 
Switches 


oooro 
ecoooco 


Thermostats 

Transformers (pulse and high voltage) 
Transformers (power, etc.) 
Transistors 


ooco 
ocooco 





Tubes 
Double diodes 
Double triodes 
Pentodes 
Triodes | 
Special purpose (magnetrons, etc.) | 
Vibrators 


Switches 


In toggle switches, the two most common faults are 
breakage of the main dolly-spring due to fatigue, and 
intermittent or poor contact due to loss of tension in 
the wiper springs. The loss of tension is due generally 
to relaxation of the spring material by overheating from 
heavy-current switching. 

In wafer switches using multiple contacts, low contact 
pressures are used to avoid excessive wear. This leads 
to poor or intermittent contact, creating high contact 
resistance, particularly in r-f switching, where noise is 
also generated. Careful cleaning of the contacts is neces- 
sary. In some cases, graphited grease is used to prevent 
deterioration of contact surfaces. 


Transformers 


A transformer is, more or less, of standard design and 
varies only in respect to core and sealing techniques. 
The present high standard of the C-core, fully-sealed 
transformers in a hermetic container makes it proof 
against breakdown except for overloading through failure 
of, say, a capacitor. Under severe vibration, it is possible 
for connecting wires between seals and coils to fracture if 
they are pulled too tight when soldering. 

It is mainly with the impregnated types (bitumen or 
varnish) that failures are likely to occur. These failures 
are almost always a direct result of a fall-off of the insu- 
lation resistance due to insufficient or poor impregna- 


92 


tion of the windings and consequent penetration of 
moisture. Once moisture vapor penetrates the impregnant, 
heat treatment has no effect in expelling it. There is 
therefore a progressive building up of moisture, which 
penetrates the enamel on the wire, and the insulation 
resistance starts to fall. Degradation is then rapid and 
the transformer fails. 

With a well-designed transformer, failure through a 
break of the winding wire is sometimes caused by non- 
uniformity of the wire itself, although this is compara- 
tively rare. Transformer noise due to loose laminations 
is a fault that can be attributed either to poor design 
or to poor manufacturing technique. 

One other defect which may be found with some of 
the open-construction types of transformer concerns the 
resin-bonded laminate which is used as a tag strip for 
the connection of winding wires; poor-quality laminate 
sometimes shows abnormally low insulation resistance 
across which tracking may take place. 


Probable Failure Rates of Components 


Table III has been prepared by the author as a guide 
to the probable maximum failure rates of common com- 
ponents used under laboratory conditions and under 
equipment conditions (in this case computers). The 
table is based on accumulated experience; although it 
must be taken as an estimate only in the absence of more 
accurate data, it may be found useful. 


Effect of Microminiaturization on Reliability 


The development of special-quality conventional com- 
ponents may reduce the present average failure rate under 
laboratory conditions to 0.1 per cent, 0.01 per cent, or 
even 0.001 per cent under equipment operation condi- 
tions. This will, however, probably represent the highest 
rate practically achievable with conventional components 
and present manufacturing techniques over the required 
range of components. 

We are, of course, familiar with the steady reduction 
in size of tubes and components over many years from 
the so-called miniature components to the present range 
of subminiature components associated with transistor 
circuits. The low voltage requirements of transistor cir- 
cuits have enabled conventional components to be de- 
signed using almost watch-making techniques. But, here 
again, we have reached a limit in reliability, as any 
further decrease in size of conventionally shaped com- 
ponents will undoubtedly result in a further decrease 
in reliability. 

The next logical step in the reduction of size lies in the 
area of “microelectronics,” such developments as thin- 
film and semiconductor integrated circuits and, eventu- 
ally, the true solid-state functional blocks. These develop- 
ments have been discussed widely in recent literature.* 

It should be remembered, however, that high reli- 
ability is a very difficult goal to achieve, and not until 
production assemblies have finally passed the acid test 
of operational use can their real reliability be assessed. 
Nevertheless, there is no doubt that in these newer micro- 
electronic techniques lies the only possibility of achiev- 
ing higher orders of reliability as compared with conven- 
tional subminiature components. O00 


* See the following recent articles in Euecrro-Tecunotocy (Electrical Manu- 
facturing): “‘Microelectronics,"” John R. Riggs, September 1960, p 121; “‘Intro- 
duction to Molecular Engineering,” Alex. E. Javitz, May 1960, p 35. 
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2). Transistor Amplifier Design 


Instructions are given for drawing load lines and determining oper- 


ating point. Small-signal parameters and their variation with changes 


in operating point are discussed. Absolute maximum ratings are 


defined. All of these factors are then utilized in designing small-signal 


amplifiers of various types with special emphasis on biasing techniques. 


ALBERT A. SORENSEN 

Research and Development Division 
Space TECHNOLOGY Lasoratories, INC. 
Los Angeles, California 


Transistor Operating Point. To design a transistor 
amplifier, the operating point of the transistor must be 
chosen. To analyze a transistor circuit, the operating 
point of the transistor must be determined. In either case, 
three external quantities determine the operating point. 
These are the supply voltage, E,,, the d-c load resistance 
in the collector circuit, R,, and either the d-c base 
current, Jy, or the d-c emitter-to-base voltage, Vy. 

Assuming a common-emitter amplifier, the load line 
is drawn on the collector characteristics, as shown in 
Fig. 39(a)*, between the supply voltage E,, and the 
maximum possible collector current, E.,/R,. The inter- 
section of this line and the base current provided by the 
bias source determines the operating point [point A in Fig. 


*Figure numbers, equation numbers and tables continue in sequence from pre- 
vious articles in this series. 
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39(a) ]. The coordinates of the point are /’ and V,. The 
point is normally chosen so that I’ is approximately 
E.,/2R, or V’, is approximately E,,/2. It will be shown 
later that this allows the greatest possible output. 

The same operating point may be determined on the 
base characteristics [point B in Fig. 39(b) ] by the projec- 
tion of J; on the appropriate V’ line. This determines 
the voltage V,,. 

It should be noted that the load line in Fig. 39(a) 
is the d-c load line with no a-c voltage or current input. 
There is also an a-c load line which may be the same as, 
or different from, the d-c load line. It is different if the 
a-c load impedance of the collector circuit is different 
from the d-c load resistance. The a-c load line passes 
through the cperating point and is at a steeper slope 
than the d-c load line [dashed line in Fig. 39(a) ]. 

Determination of Small-Signal Parameters. To 
develop or analyze a transistor circuit, the small-signal 
parameters must be determined for a particular operat- 
ing point. Then, as described subsequently, if a different 
operating point is desired, conversions may be made. 
Parameters may be obtained directly from manufac- 
turer’s data or it may be necessary to determine them 
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Fig. 39— Typical collector (a) and base (b) characteristics 
with load lines for a common-emitter amplifier. 


from characteristic curves. If neither of these is provided 
by the manufacturer, the parameters must be obtained 
experimentally. 

The parameters determined from the characteristic 
curves or measured on the transistor itself are the hybrid 
(or h) parameters since they are the most easily meas- 
ured. They may be obtained for either a common-base 
or a common-emitter connection. An example is given 
below for the common-emitter connection. 

We previously defined the h parameters by means of 


Eq (140) : 
v, = Ay + hy 
le = hat, + hoods 


The coefficients may be defined in terms of partial de- 
rivatives as follows: 


hy = avi _= av; 

al, | y, " OV, h 
(207) 

als } af ols 

ah, — = a V, , 


Note the use of capital letters to denote d-c currents and 
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voltages. The same derivatives may be written for the 
common-emitter connection as follows: 
av, | av, | 


a he == | 


dl; | ¥. 8 V. ly 


ol, | 


he == 
aVe| Ip 


hy. = 


ak | 
aly | Ve 


It can be seen that the parameters are slopes or differen- 
tials taken at the operating point. 

If Eq (140) is solved for each of the h parameters, 
the following are obtained: 


hu =ofi form =0 hn = b/isfory=0 4, 


hy = 0;/v2 for i, = 0 he = ie/v2 for h = 
For the common-emitter connection these become 


hie = v»/ip for ve = 0 hye = ic/& for ve = 0 


(210) 


ve = Up /Ve for ib = 0 hoe = ic/Ve for i = 0 


Note that all the voltages and currents are small letters, 
indicating a-c quantities. Suitable equipment may now 
be devised to measure these quantities on the transistor. 
For example, h;, is the input impedance with an a-c short 
across the output (but not a d-c short). The parameter 
h,. is the ratio of base-to-collector voltages with the base 
lead open. These measurements may be easily made with 
a signal generator and an oscilloscope. Note that the 
d-c bias must be maintained in order that the measure- 
ments are made at the proper operating point. Commer- 
cial equipment to make these measurements is also avail- 
able. 

Parameter Variations for Changes in Operating 
Point. All of the small-signal parameters which have 
been defined are constant only for a single operating 
point determined by the values of J., V, and T. For some 
other operating point, corrections must be made to arrive 
at new parameters. Normally, the manufacturer gives 
the following h parameters for a single operating point: 
hye, hin, hy» and ho». Curves are also given which enable 
corrections to be made for other operating points. 

For a typical transistor, let it be assumed that the 
parameters for the operating point where 7, = 1 ma, 
V. = 5 volts, and T = 25 C are: hy, = 50, hyy = 50 
ohms, h,, = 10-*, and h,» = 10° mhos. The manufac- 
turer’s correction curves for this transistor are shown 
in Fig. 40. Note that the curves apply only to a par- 
ticular transistor. Different types have different correc- 
tion curves, and the difference is particularly notable 
when comparing silicon units to germanium units. 

To illustrate the use of the curves, suppose we wish 
to know the common-emitter parameters when J, = 10 
ma, V, = 20 volts, and JT = 100 C. The correction 
factors are determined for each parameter at each new 
value of the operating point and the three values are then 
multiplied together to determine the overall correction 
factor, as follows: 


I, 
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Thus, the corrected parameters are: hye = 50 X 0.75 = 
37.5; hiy = 50 X 0.37 = 18.5 ohms; h,, = 10* X 
4.6 == 4.6 X 10-*; h,» = 10°* X 7.00 = 7 X 10° mhos. 
The common-emitter parameters can now be determined 
from Table IV in Part 4 as follows: hj, == 694 ohms; 
hre = 37.53 hye = 4.4 X 10°; oe = 2.6 X 10* mhos. 
The tee parameters could be found similarly from Table 
V of Part 4. 

Maximum Ratings. Absolute maximum ratings, 
which are given by transistor manufacturers, indicate 
the maximum power, temperature, current or voltage 
at which the transistor may be operated. 

e Power. The power-dissipation rating of a transistor 
is the most important rating. It is defined as the average 
power dissipated over some number of cycles and is the 
integrated product of instantaneous collector current 
and collector voltage. Excessive power dissipation other 
than instantaneously is permanently destructive and it 
is now felt that even instantaneous excessive power dis- 
sipations may result in cumulative damage. 

Maximum power dissipation is usually given at some 
value of junction temperature. The junction temperature 
will be far higher than the ambient temperature because 
of the conversion of dissipated power in the transistor 
into heat. Another rating that is frequently given in this 
connection is the thermal resistance, R; (deg C per watt). 
If a transistor with an R; of 200 deg C/watt is dissipating 
100 mw, the temperature rise from the case to the junc- 
tion will be 100 X 10-* X 200 = 20 deg. 

The maximum power dissipation is derated linearly 
from the rated value to zero at the maximum allowable 
temperature. For instance, if the absolute maximum tem- 
perature (where the transistor portions start to melt) is 
95 C, and the absolute maximum power dissipation is 
150 mw at 25 C, the transistor will dissipate only 107 
mw at 45 C and 75 mw at 60 C. 

The construction of a power transistor is such that 
R; is very small. Note that the case temperature is differ- 
ent from the ambient temperature. If a heat sink is 
necessary, the total thermal resistance is that of the 
transistor plus the heat sink plus the interface, and the 
temperature rise is then between the ambient temperature 
and the junction temperature. 

Thermal runaway is a cumulative process which en- 
ables a transistor to draw continuously increasing power 


and eventually to exceed its ratings. It is caused by ex- 
cessive current or voltage, resulting in high dissipation 
which increases the leakage current. The latter in turn 
causes still more dissipation so that the process snow- 
balls. It is a result of improper circuit design or the use 
of too little heat sink. 

Some manufacturers also give a maximum base power 
dissipation rating. The maximum base dissipation is 
usually 1/10 to 1/20 of the maximum collector dissipa- 
tion. Problems arise if the transistor is saturated with 
excessive base current or voltage or both. 

e@ Temperature. The absolute maximum tempera 
ture rating is determined by the melting point of the 
constituents of the transistor (usually the solder used 
to attach the leads rather than the silicon or germanium). 
The problem of operating below the maximum tempera- 
ture has been sufficiently discussed in connection with 
power dissipation. 

e Current. Maximum current ratings are determined 
either by power considerations or lead size, primarily 
the former. Some manufacturers indicate as maximum 
that current for which the 8 is very small, although this 
does not in itself limit the current unless the base dis- 
sipation is thus exceeded. If a transistor is saturated, 
the maximum current times the saturation voltage is 
usually equal to the maximum power rating. In general, 
the transistor may carry higher currents than rated if 
it is saturated. 

e@ Voltage. In Part 3 we defined V,, the avalanche 
voltage [Eq (82)], and V,, the punch-through voltage 
[Eqs (108) and (109)]. The actual maximum voltage 
rating of a transistor will range between V, and V,, de- 
pending on the circuit. Manufacturers normally give ab- 
solute maximum voltage ratings for Vp., Vy, and Vee. 

The maximum J), is the breakdown voltage between 
collector and base with the emitter open. It is equivalent 
to the V, previously defined. Maximum JV}, is the similar 
breakdown voltage between the reverse-biased emitter 
and base and is only important in the case of switched 
transistors where large reverse biasing may be present. 
Maximum /V,, is the same as V, and is the collector- 
emitter breakdown voltage with the base open (V, > 0). 
These voltages are illustrated graphically on the collector 
characteristics in Fig. 41. 

Curve A is the normal cutoff collector current /,., 


20 
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Fig. 40 — Correction curves for h parameters as functions of emitter current, collector voltage, and temperature. 
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which flows between the collector and the base when the 
emitter is open. For this case, J, < 0, Vp < 0, and the 
base is back-biased. This results in a maximum collector 
voltage of V,. If the emitter is connected, and the base 
is connected to the emitter through an infinite external 
resistor, Ryez: (base open), then J, = 0, V; > 0, and 
curve B results. Here the leakage current is much greater 
and is equal to /,.., which is approximately (8 + 1) 1,0. 
The maximum collector voltage is V,. All the current 
(I-b0) leaking from the collector to the base must go 
through the base-emitter junction where it is multiplied 
by 8 to increase the collector-to-emitter current. 

If the total base resistance, made up of the R, of the 
transistor and the R,,-,:, is decreased, part of the J, 
will flow through that path instead of into the base- 
emitter junction, thus decreasing the leakage current and 
increasing the maximum voltage (curves C and D). Note 
that, at higher current, the limiting voltage is still V,. 
This implies that the maximum voltage is determined by 
the external circuit but is never less than V,. A given 
value of Ryez; might determine the curve D, for example. 
The load line (E) should not intersect this curve or 
runaway may result. 

A portion of curve D has a negative resistance, indi- 
cating that even instantaneous excursions into this re- 
gion will cause the cut-off point to remain there. For 
example, with load line F, the cut-off point is at y rather 
than at x. In this case, destruction would result; whereas, 
with load line E and a higher supply voltage, the opera- 
tion is safe. 

The foregoing discussion points up the fact that one 
may think a transistor is in cutoff when the base and 
emitter are shorted together, but the collector current 
is actually far higher than /,,,. This problem is often 
avoided by using a forward-biased diode in the emitter of 
the transistor to cause an effective back-bias on the base 
without loss of gain, etc., during normal operation. This 
technique is normally used on switched transistors. 

Amplifier Gain and Impedance Approximations. 
There are a number of circuits for which quite simple 
approximations for impedance and gain may be made. 
The most useful of these is the common-emitter ampli- 
fier with an emitter resistor shown in Fig. 42. The com- 
posite parameters for this circuit are: 
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Common-emitter amplifier with an emitter resistor. 
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Fig. 41 — Collector characteristics showing maximum V,, and 
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The approximations in the above are true since 1 >> 
h,-R;. We may calculate A), as follows: 


An (hie + hzeR)hoe = hy Ahre + Noel) 


lielloe — Sellre 
The voltage gain of the circuit is then 
_ — —haRr me __ hy Rt i 
"hu + AvRe hie + hyeRe + RiChichos — hyehee) 
Since hie + hyeRy >> Ri (Riehoe — hrehre), 
—hyRr 


A, & 


cs hie + hy Ri 


Dividing through by hy,, and since hig = Ainhye, we get 


—Rrtz —Rrz 


pce iceaitate 211 
Ae i+ ~ Ret Rt wk) 


The current gain of the circuit is 


a ae —haYi a —hay i —hy. 
rt hee + Yz i 1 + Rrhw 1 + hort 


If 1 >> AR, 
A; => - hye =-—f8 





The input impedance of the circuit is 


Zi he + Yu 1 + holt 


— hie + hye + Rilhishos — hyehre) 
= 1+ A,Rer 


From previous approximations, 
Zi = hie + hy Re = R, + BCR, + Ri) (213) 


Similar approximations may be made for the common- 
collector circuit, as follows: 
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oe da iv i 
~ R+R+R/B he+ Pe 


A; Shy = 8 
Zi = hie + hy Ri = R, + BCR, “+ Rx) 


These approximations should be memorized, since they 
are simple and of universal usefulness. Note that only 
two approximations were made which are almost always 
true for Ry < R,. 

The equations above may be modified slightly to in- 
clude the effects of biasing networks, etc. For instance, 
for a circuit with shunting resistors across the input, 
first determine the input impedance and voltage and 
current gains for the circuit without the shunting re- 
sistors. Call these Z;, A’, and A. Compute the parallel 
combination of the shunting resistance and call this R,. 
The new input impedance will then be the parallel com- 
bination of R, and Z;. The overall voltage gain is still 
A’. The overall current gain will be A; times R, divided 
by R, + Z}. 

If a feedback resistor is used, the new quantities be- 
come more complex, as follows: 


A, =1 (214) 
(215) 


(216) 


1 


A, =A, 1 4 ft ( ee z) 
Ry \1 + R;/Z; 
=_ A‘ = ee a 
ELL + Ro/Ry 


fe (__i__) 
Z=Zi\ Ry \1+R,/Z, 


L 1 + hy-Ri/Ry 

If a circuit has shunting resistors across the output, 
they may be included in parallel with R, and the gains 
and impedance may be calculated in the usual way. For 
a circuit with a series resistance in the input, the cur- 
rent gain remains the same, the input impedance is 
increased by adding in the series resistance, and the 
voltage gain becomes the old gain times Z{ divided by 
Z, + R. 

These approximations are quite useful since the circuit 
designer usually does not solve the circuits by exact 
solutions while he is still juggling the parameters and 
the requirements. For most circuits, the approximations 
have greater accuracy than the component tolerances. 

Small-Signal Amplifiers. The maximum power out- 
put of a particular transistor with a particular load may 
readily be calculated. The efficiency of each stage of 
the amplifier and the dissipation of each transistor may 


Fig. 43 — Schematic of direct-coupled amplifier with correspond- 
ing load line drawn on characteristics. 
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also be calculated. These points are all-important for 
obtaining the best operation from a certain transistor 
or for choosing the best transistor for an application. 

Small-signal amplifiers have been previously defined 
as those with linear operation wherein constant para- 
meters may be used for reasonably small excursions 
about some operating point. 

e Class A Amplifiers. In a Class A amplifier, the 
collector and emitter currents flow continuously. This 
is the general type of amplifier which we have con- 
sidered previously. A Class A amplifier may be either 
direct-coupled, RC-coupled, or transformer-coupled. We 
will consider the various kinds individually. 


(a) Direct-coupled. In a direct-coupled amplifier, the 
load impedances for a-c and d-c conditions are equal. There 
is a single load line equal to the value of R, (Fig. 43). 
In this and the following examples, the bias is assumed 
to be established to give an operating point. How the bias 
is determined will be discussed later. The resistance R,, 
includes the total collector circuit resistance, including any 
external emitter resistance, if any. 

The operating point, A, is chosen to be at the midpoint 
of the load line in order to obtain maximum signal swing 
and maximum output power for a given load. The signal 
swing may not go beyond point B (saturation) or point C 
(cutoff) and still maintain the Class A definition. 

The collector current and voltage at the operating point 
are I; and V;. The peak output current and voltage are 
Lom = 1; and Vom cs Vi, neglecting the saturation voltage 
and the cutoff current. The maximum power output for any 
operating point is 


P, = Vom lem /2 (217) 


The factor 2 in the denominator is due to the fact that 
the voltage and current are peak values which must be 
converted to rms. With the operating point at the midpoint 
of the load line, the maximum power output is 


Vel, Eve 
> WS 
since 1; = E,,/2R, and V; = E,,/2. The transistor dis- 
sipation is the average of the instantaneous product of col- 
lector voltage and current. The dissipation is highest when 
there is no signal input (2P,,,) and lowest when the signal 


is maximum (P,,,). The maximum efficiency of this type 
of circuit is 25 per cent. 


(b) RC-coupled. In the RC-coupled amplifier, the load 
is coupled to the collector through a capacitance. No d-c 
current flows through this load (R; ). The d-c current flows 
through the external collector resistor, R, (Fig. 44). The 
a-c and d-c load lines are different. The d-c load line is at 
a slope equal to the total d-c collector circuit resistance. 


Pom (218) 


Fig. 44—RC-coupled amplifier with characteristics and load 
lines. 
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Fig. 45—Transformer-coupled amplifier with characteristics 
and load lines. 


The operating point is determined by the bias circuit as 
before. The a-c load line is at a slope equal to the total 
a-c collector resistance through the same operating point. 

The operating point is chosen so that V; < % E,,, pro- 
viding for an equal swing of the signal along the a-c load 
line between B and C. The power output for any operating 
point is 

Vodults, 


A 21 
a(R, + Ri) saad 


Under optimum conditions, the maximum power output is 
P _ = Es EX. (220) 
*"  8RiQ0. + Ri/2R,y¥ 
The collector dissipation ranges from (1 + R, /Rz,) Pom 
for the maximum input signal to 2(1 + Rj) /Rz,)Pom for 
no input. 


The full-signal efficiency is 


R.R,100 


site 221 
2(R, + Ry)(Ri + 2Rz) ia 


” 


which is a maximum of 17 per cent for R,/R;, = \/2. 


(c) Transformer-coupled. In the transformer-coupled 
amplifier, the load is connected to the collector through a 
transformer. Direct current flows through the transformer, 
so it must be properly designed to avoid saturation due to 
the d-c. Note that, if the transformer is coupled to the 
collector through a capacitor and if an external collector 
resistor is present, the amplifier is acutally RC-coupled and 


Fig. 47— Composite characteristics for a push-pull amplifier. 
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Fig. 46 — Typical push-pull Class B amplifier. 


the transformer serves only to transform the output voltage 
and impedance to and from the load. This is by far the 
more common type of connection because of the problem 
of transformer saturation. 

For the circuit shown in Fig. 45, the resistance of the 
transformer primary will be assumed to be small. The d-c 
load line is at a slope equal to the sum of that resistance 
and any other collector circuit resistance that may be pres- 
ent. This line is nearly vertical on the characteristics. The 
operating point is determined by the bias circuit. It is 
normally chosen so that V 71’ is large in order to obtain 
maximum signal swing on the output. 

The a-c load line passes through the same operating 
point at a slope equal to the reflected load resistance, 
R;, where R; = (n,/n,.)*R,. Note that the use of a trans- 
former implies both a voltage and an impedance change. 
If the transformer is being used to make the reflected 
resistance larger than the actual load, the voltage swing 
at the load will be smaller because of the transformer 
action. This decrease in gain must be included in the 
overall circuit voltage gain. 

The maximum voltage swing is again between points 
B and C. Note that the output voltage may be almost twice 
as great as the supply voltage. The power output is 


7, € 99° 
P, -— Ton Vem 2 (222 
The maximum power output is 


Wer, ae 
i (223) 


Pom = 


ry 
c 
9 
~ 


The collector dissipation ranges between P,,,, for maximum 
input signal to 2P,,, for zero input signal. The maximum 
efficiency of the circuit is 50 per cent. 


The three types of amplifiers have been illustrated 
for a common-emitter connection. The results may be 
easily extended to a common-collector amplifier. 

e Class B Amplifiers. Class B amplifiers, with lower 
losses and higher power output per transistor, provide 
higher efficiencies than Class A amplifiers. In a Class 
B amplifier, each transistor is cut off for one half of 
the cycle. For the other half of the cycle, it operates 
as a Class A amplifier. A typical push-pull Class B 
amplifier is shown in Fig. 46. The load resistance is 
referred to one half of the primary of the output trans- 


former. Thus 
2 
R;, = Ri ( =) 
4 Ne 


The bias for this type of amplifier is different from 
that for a Class A amplifier. Assume first that there is 
no bias and that the center tap of the input transformer 
is connected directly to the emitters (ground). The com- 
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posite characteristics will then be as shown in Fig. 47. 

The true operating point for both transistors is at A. 
Neither is ever actually at this point, however, because 
of the leakage current, J,¢). One transistor swings from 
A’ to B’, back to A’ and then to C’. The other follows 
a similar course between A”, B” and C” on opposite half 
cycles. Note that the maximum collector voltage is twice 
the supply voltage. The voltage difference between A’ 
and A” results in a notch in the output voltage wave- 
form equal to 2/,-.R;. This is called crossover distortion 
(Fig. 48) and may be eliminated by proper biasing. If 
the bases of the transistors are forward-biased so that 
the operation for zero collector current is past the knee 
of the base characteristic, the distortion will be elim- 
inated. The biasing required is about 0.5 volt for ger- 
manium units and 1.0 volt for silicon. 

The power output is 


P, = Vem em/2 
The maximum power output is 


Pom = E2,/2R;, (225) 


The power output, efficiency, and total (both transistors) 
collector dissipation for various conditions are shown 
in Table VI. Note that the no-signal power requirements 
are zero. This provides high efficiency for audio ampli- 
fiers since normal speech and music contain a majority 
of zero signals with occasional peaks. 

There are many other possible configurations for Class 
B amplifiers. The common-collector connection may also 
be used. The complementary symmetry of n-p-n and 
p-n-p transistors may be used to yield amplifiers which 
require no transformers for true Class B operation. A 
description of all these variations is beyond the scope 
of this article. 

Transistor Biasing. In the biasing of a transistor we 
are concerned with non-linear characteristics and with 
how to achieve a stable operating point. The biasing 
problem arises in two ways: 


1, Given a certain biasing network, what is the operat- 
ing point? 

2. For some operating point, what is a suitable biasing 
circuit? 


In the solution of a problem involving non-linearities, 
a graphical technique is always suitable. If certain as- 
sumptions of linearity may be made, however, the same 
problem may be solved analytically. We will use both 
methods in approaching the problem of biasing. 

e@ Graphical Methods. As with all graphical tech- 
niques, this approach involves inaccuracies since it is 
often difficult to read slopes, intercepts, etc. A single 
example using simple biasing will be given to illustrate 
the process of analysis and synthesis of bias circuits. 

Consider the circuit shown in Fig. 49, where E.., Epp, 
R, and R; are given. We wish to find the operating 
point current, /,. The d-c load line is drawn on the 
collector characteristics. We assume initially that V, = 
1% (E,-). A load line is drawn on the base characteristics 
with a slope equal to R; and with intercepts at Ey, and 
Ey,/R;. The operating point on the base characteristics 
is where this line intersects the curve for V,. This de- 
termines /;. The intersection of the curve for J, on the 
collector characteristics determines J, and V ,. If this V, is 
different from the one assumed originally, the process is 
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Table Vi— Output, Efficiency and Dissipation of a 
Class B Amplifier 


| No signal | Max. dissipation Max. output 


0.4P om Pom 
0.4P om 0.3P om 
50 per cent 78.5 per cent 


repeated until agreement is reached. Since the difference 
between different V, curves on the base characteristics is 
so small, this process usually need not be repeated more 
than once. For the case where E;, = E,,, note that the load 
line of the base characteristics is very steep and an accu- 
rate determination of the intersection is difficult. 

Let us consider the inverse problem, which is more 
normal. Here we know E,,, R, and the operating point 
which is identified by J, and V,. We wish to find a set 
of values for Ey, and R; which will be suitable. On the 
collector characteristics, the load line is plotted and 
the operating point is located. For this operating point, 
some value of /; is necessary. This value of J, is located 
on the base characteristics and the intersection of this 
value with the proper V, curve gives the operating point 
on the base characteristics. A vlue of Ey, is then chosen 
at a voltage greater than the operating point. The re- 
sistor R; is of a value equal to the slope of the line 
drawn through Ey) on the V, axis and the operating 
point. (See Fig. 50.) 

Note that there is an infinite number of combinations 
of Ey, and R;. If input impedance of the circuit is im- 
portant, R; is kept large (requiring a large E,,). If the 
stability of the circuit is important, R; is kept small 
(requiring a small £},). 

If Ey, and R; are small, large changes in the base 


Fig. 48— Waveform with crossover distortion resulting from 
push-pull operation. 


Fig. 49 — Amplifier with simple biasing. 





Fig. 51 — Determination of V,,, by extending straight upper por- 
tion of the characteristic to intersect the ordinate. 
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characteristics due to temperature changes will cause 
only slight changes in the base current and, hence, in the 
operating point. If the base and collector curves are 
available for different temperatures, the stability of the 
operating point over a temperature range may also be 
determined by graphical techniques. 

e Analytical Methods. To enable us to determine 
the biasing networks by formulas, we must make certain 
assumptions pertinent to the transistor characteristics. 
This makes a linear analysis valid. The first of these 
assumptions is expressed by the following equation: 


I. = hyA Tbe + I) (226) 


In effect, this states that the collector current is deter- 

mined by the 6 of the transistor and by the leakage 

current as well as the base current. This is true since 

hy. == Al,/Aly and the transistor does not know the 

difference between leakage current and true base current. 
The second assumption is expressed as follows: 


Vi = View + hie (227) 


This equation is an approximation to the portion of the 
base characteristics beyond the knee of the curve. The 
value of V,, is determined by the intersection of an 
extension of the approximately linear upper portion of 
the characteristic with the V, axis (Fig. 51). The value 
of V,, is a function of temperature and also varies be- 
tween different types of transistors. It is analogous to the 
forward voltage drop in a junction diode and is caused 
by the transistor’s base-emitter diode. The value of V3, 
varies from 0.2 to 0.6 volt in germanium transistors and 
from 0.5 to 1.2 volts in silicon transistors. 

The upper portion of the base characteristic is as- 


Slope =/j, 


L—~ 


<€& 
Fig. 50 — Determination of biasing resistor from slope of load 
line. 


sumed to be linear and have a slope of hie which is de- 
fined as 3V;/dly. The assumptions are therefore valid 
beyond the knee of the curve, which is the usual region 
of operation. 

With Eqs (226) and (227) and certain others de- 
veloped for the particular bias network used, any bias 
network may be treated. The biasing equations for an 
extremely useful case, that of divider biasing with an 
emitter resistor, will be developed. Biasing equations for 
other common techniques will also be given. 

For the circuit shown in Fig. 52, we note that 


Yi=vuetv 
Vi = RAI. + Is) 


(228) 
(229) 
From Eq (227), 
Vi = Vie + hiele 
Substituting for V; and V; in Eq (228), 
Vi = Vie + IR + [CRe + hie) (230) 


An equivalent circuit may be drawn for R,, R:, Eocs 
V, and J, as shown in Fig. 53. The equations for this 
circuit are: 


( Eee = mR, +R.) — IR: 
V; = IR, _ IR: 


(231) 


Eliminating / and solving for V;, 
nt 
 R+R, 
Equating Eqs (230) and (232) and solving for J), 


_ EvcRy — VieRi + Ra) — Ral (Ri + Ro) 
RiP, + (Ri + Ray(Re + hse) 


Yi (Exe — InP) (232) 


I, (233) 


Fig. 52 — Amplifier with divider biasing with an emitter resistor. 


Fig. 53 — Equivalent circuit of biasing circuit. 
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Substituting Eq (233) in Eq (226) and solving for /,, 


crete (Ri + Ra)(R, + hid] 
+ EecR: — VoRi + Re)} J 


Rika + i + Rahs, + Cin + Ri] (234) 


I,= 
This equation enables one to determine the operating- 
point current if all the circuit elements are known. Note 
that, since h;, and hj, are functions of /,, an iterative 
solution may be required. 


If there is no Ry, Eq (234) becomes 


Eek: — Voli + R:) 


hadPi + Ra) + PRs Camp 


= hy [ ta + 
The inverse problem is to find values of R, and R, to 
give a particular value of J,. Solving Eq (234) for R, 


hyo Tso(Re + hie) + Eco — Vie] \ 


= I cRRelhie + (hye + 1)R;) 


~~ + RU. - hgelle o) + I [hie + (hy. + 1)R;x) } 
— hyel oo Re + hie) 


The equation enables us to determine R, in terms of R>. 
If high input impedance is desirable, R, is made large so 
that R, is even larger. If stability is more desirable, R, 
is chosen small. Note that there is an infinite number 
of combinations of R, and R:. 

e@ Stability. Some bias circuits are better than others 
with regard to the stability of the operating point with 
changes in temperature. Using the previously developed 
divider bias circuit as a typical example, note that, in 
Eq (234), the quantities [.5., Voe, hye and hie vary as 
functions of temperature. If J, is allowed to change, hy, 
and h;, will change still more. Since the major change 
in J, is caused by changes in /,»., stability considerations 
are usually made only with respect to temperature varia- 
tions in J,y5. 

The value of J», increases very rapidly with increasing 
temperature. For a silicon transistor it roughly doubles 
for each 1244-deg C rise. For germanium units, it 
doubles for approximately each 10-deg C rise. 

A number of different current stability factors have 
been proposed. The most common is defined by the 
following: 


S =0I./d1 0 (236) 


The value of S will be between 1 and h,, for any circuit. 
The nearer S is to unity, the more stable the circuit. 
Using Eq (236), we may find the stability factor for 
any circuit for which we have an equation expressing /, 
in terms of the other circuit parameters. Thus, from 


Eq (234), 


Sie hy lPiRs + (Ri + Ra)hie + Rx)) 


“RR+GQitRlaetGnt)R 8 


From this, it is seen that high stability results from a 
high value of R, and low values of R, and R,. An ex- 
tremely good stability factor is incompatible with high 
input impedance, and some compromise must always be 
made between these two desirable features. 

An even more useful stability factor is the K factor, 


defined as 


—Shp 


a= S-1 


(238) 
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The value of K may range from 1 to infinity, the higher 
the better. The advantage of the K factor is that it is 
more simply expressed. Thus, if S = hye, 


hyehys 


hagaaat 2 


—hye 
hy +1 


hp = 


Therefore, 

hi, 
K ip a oe 1 
the divider bias previously described, we may use 
(237) and (238) to obtain 


Ag? {RiRa + i R, + (Ri ee R2)(h:e + Rx)| 


hye + I) hye + (Ri + Rah + Red] 
[On+ 0 eee Tet Rihe + on | 


(239) 


R, R, a 
Simplifying, and noting that 1 << hy,, we get 


RR, + (Ri + Ro) (hie + Ry) 


K = RRR + Raw + Ry) — RAR: + Ra) 


(240) 
For hi. very much less than either R,, R, or R2, the 
equation can be reduced further to 


K =1 + Ri/Ri + Re/Re (241) 


for hie << Ry, R; and R,. It is evident that Eq (241) 
is much simpler than Eq (237). 

e Biasing and Stability Equations. Equations ap- 
plicable to the more common bias circuits are summarized 
in the tabulation on the following page. 


Noise in Transistors. The presence of noise in a 
low-level amplifier renders the signal unintelligible. 
Transistor amplifiers are not well-suited to low-noise 
applications. Some general statements may be made with 
regard to noise in low-level transistor amplifiers. 

It is convenient to define a “noise figure” 
amplifier as follows: 


for an 


NF = (0/0. (242) 


where v, is the voltage due to noise alone and »v; is the 
total output voltage. The noise figure is therefore the 
ratio of the noise power to the total power output. The 
noise figures of junction transistors range from about 2 
to 30 db, depending on the type. The noise figure is 
frequency-dependent approximately as shown in Fig. 54. 

The noise figure of a transistor amplifier is usually 


@ decreasing 


10 100 1000 
Frequency , kc 


Fig. 54 — Noise figure vs frequency for a typical transistor. 





fower at low collector voltages and at low collector cur- 
rent. The noise figure is essentially independent of the Reprints 
kind of transistor connection used. It is dependent on A combined reprint of this six-part series on Semi- 


ion 8 Es . . conductor Electronics will be made available at 
source impedance with the lowest noise figure being eed cane aapanaubisaalens ah tinieundiall 
obtained with source impedances of from 100 to 1000 installment in the March 1961 issue. 


ohms. ooo 


Biasing and Stability Equations 


(a). Simple Biasing: 
= 1+ R:./R; 


hy AR: + hie + Ri) 
” i+ hie + (hye + DR: 


ah [4 AR; + hie + Rx) + En — “ 
” iT hie + (hye 4+ ar IR; 


a hyelEw : Vie + Tevo( Ri + hie)] — Te[hie + (hye + 1)RPi) 


I. ans hjel che 





. Divider Biasing: 
= l — R;/R, + R,/R; 


hy [RiR2 + (Ri + Rahs + Rr)) 


~ Rik, + (Ri + Re)lhe + Cie + DRiI 


j [ i + (Ry oF RiP > hie)] + E Veclts - VY, AR, - + Re +R) 
e RiRe + (Ri + Ra) [hie + Cage + Di) 


hyeRa [Teo Re + hie) + Eco — Vee] — TcRalhie + (hye + 1)Rx] 


” byeVin + Le (Re + hie + Chye + IRi) — hyelano[Re + Re + hel 





‘eedback Biasing: 
1 + Ri/Ry + Ri/Ry 


fic hy AR + R; + R; + hie) 
Ry + hie + (hye + ICRi + Re) 





sai h * AR, + R; + + Ri + hie) “+ E. a == Vie 
ve Ry + hie + (hp + ICRi + RD 


ee ee | ty + et) 
I. — hyelero 


. Feedback-Divider Biasing: 


RR, , Re , Rt 
=1 + nian RR TR ee Ry 


hy [RARt + Ry) + Chie + Ri (Re + Ri + Ry) 


Pe R.[Ri{hy, + 1) + Ry) + [hie + Cape + DRil(R: + Ri + Ry) | 





ToolRe Ri + Ry) + Chie + Ri)(R: + Rt + Ry) + RoE — VitRe + Rt + Ry) 


hy. | ese 


R,| [Ri(hre a 1) + R;) oe [hie + (hye + 1)Ri (Re - Rt “tT Ry) 





— hgeRe[Ece co I AR, + R;) - Vie] — Rrh;& Voe a RI.) 
(Re + hie + Ride — hyelete) + hy Vis + Rele) 
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Editor’s Note 


THE ABUNDANT LITERATURE on the subject of elec- 
trical breakdown has usually been written for the 
specialist in dielectric studies; in this article by Drs. 
Devins and Sharbaugh, the prime purpose is to provide 
an interpretation of fundamental theory in terms that 
are meaningful to the systems and equipment designer. 

This is by no means simple. The phenomenon of 
electrical breakdown is familiar enough in its oc- 
currence, but is extremely complex in its nature. To 
understand it requires a systematic examination and 
comparison of its various manifestations in the three 
states of matter—gas, liquid and solid. The major 
aspects of the subject that need to be so studied and 
understood include the classical theories of the 
mechanisms of breakdown, the significance of time 
effects, the influence of variables (such as density, 
electrode spacing and cathode composition), and the 
relation of breakdown to the nature of the dielectric 
itself, principally electron behavior and molecular 
structure. 

The authors have provided us not only with the 
necessary systematic exposition of the fundamentals 
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of electrical breakdown, but have also given us its 
practical implications. The use of mathematics has 
been held to a minimum and frequent recourse has 
been made to physical illustrations and analogies. 

The subject has been developed here within the 
framework of breakdown in gases, beginning with 
the historic work of Townsend in establishing the 
breakdown theory that bears his name. This approach 
has been selected because we find that the basic con- 
cepts of breakdown are most thoroughly understood 
in gases. Their elucidation in this article, therefore, 
can be applied in the consideration of breakdown in 
liquids and solids. This will be done by the authors in 
another article to appear in a later issue of ELEcTRO- 
TECHNOLOGY. 

Those readers who may find themselves stimulated 
to an extended study of the subject will find a selected 
bibliography appended to the article. In view of the 
vast literature on this subject, it has not been possi- 
ble to refer to the original articles; however, most of 
these will be found in the books and review articles 
listed in the bibliography. In the case of figures which 
reproduce actual experimental data, acknowledgment 
is made in the figure captions. —A.E.J. 
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The Fundamental Nature of 


ELECTRICAL BREAKDOWN 


JOHN C. DEVINS and A. HARRY SHARBAUGH 
GENERAL ELECTRIC RESEARCH LABORATORY 
Schenectady, New York 


PRIOR TO THE historic discoveries of Townsend beginning 
about 1900, much had been learned in an empirical sense 
concerning the dependence of current flow in a gas-filled 
gap upon such variables as cathode illumination, electric 
field and gas pressure. This discussion will begin with a 


brief discussion of the apparatus used and the results 
obtained in the early studies of pre-breakdown currents 
in gases; it will be followed by an explanation of the 
results as put forward by Thomson, Townsend and others, 
developing the fundamental concepts as needed. 


1 — Pre-breakdown Currents 


1.1 — Nature of the Currents 


Figure 1 shows schematically the apparatus used in 
the study of pre-breakdown currents. The plane-parallel 
electrodes, fitted with a guard ring, are contained in a 
glass vessel provided with a quartz window (not shown) 
through which ultraviolet light may be cast on the cathode 
to emit photoelectrons. A variable source of potential 
is connected as shown and the small currents are measured 
with an electrometer. As the potential is raised, the cur- 
rent through the gap increases, as is shown in Fig. 2, 
first approaching a plateau (which it never quite reaches) 
and then increasing very rapidly until a spark results. If 
the illumination level is increased, a curve is obtained 
which approaches a higher plateau. The plateau level is 
proportional to the light intensity, but the potential V, at 
which sparking occurs remains unaltered. 

In order to understand the nature of these curves, we 
must consider in some detail the nature of the paths that 
electrons, photoelectrically emitted from the cathode, 
travel on their way to the anode, and how these paths 
are determined by the gas present in the gap. In Fig. 3 
we attempt to show schematically the courses of two such 
electrons. The light quanta are represented by the wiggly 
arrow, the paths of the electrons by curved lines and the 
molecules by the solid circles. 
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It is clear that an electron emitted with a velocity not 
parallel to the applied field will suffer an electrical force 
tending to change its direction, as well as speed, as shown 
by the curved lines. Because of the presence of the gas, 
the electron will not travel far before encountering a gas 
molecule. If the energy of the electron is not too large 
at this encounter (as will almost always be true in Region 
A of Fig. 2 where the field is low), the collision will be 
what is termed elastic. To understand this term, ,let us 
recall that the electron is very tiny and very small in mass 
compared to the molecule (10-* to 10°° as heavy, depend- 
ing upon the molecule). The situation is analogous to a 
very small ping-pong ball striking a bowling ball. On 
collision, therefore, the electron may suffer very large 
changes in direction, but it will bounce back with very 
little change in speed or energy. In fact, it can be shown 
that in such an elastic collision the fraction of energy lost 
by an electron is given by 2mM/(m + M)?, where m is 
the electron mass and M is that of the molecule. When 
m << M, this reduces to 2m/M, which is approximately 
10°° to 10-5, 

It is impossible in such diagrams as those of Fig. 3 to 
show the large number of collisions which occur when 
an electron moves across what might be a typical break- 
down gap of about one centimeter with a gas pressure of 
about one atmosphere. The average distance an electron 
travels between collisions is called the mean free path, 
A, and is of course dependent upon the number of mole- 
cules per cubic centimeter, n, and the size of the molecules, 
@ (the size of the electron is negligible). The expression 
@ is often termed the cross section for the collision, and, 
in fact, is the cross-sectional area “seen” by the electron 
as it approaches the molecule. The mean free path is 
given by 


cae (1) 


no 
For a perfect gas, n = 10°° p/T to within 5 per cent, 
where p is the gas pressure (mm Hg) and T is the absolute 
temperature. In the discussion to follow, we shall assume 
that T is constant and, therefore, that \ is inversely pro- 
portional to the pressure. For air at one atmosphere, 
4 = 5 X 10° cm. Because of the large number of col- 
lisions an electron makes, and because of the small frac- 
tion of energy it has lost on each collision, soon after 
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leaving the cathode the electron finds itself with a very 
large “random” velocity—i.e., moving in all directions— 
and a smaller (about one tenth) drift velocity in the 
direction of the field. 

Thus, the electron traversing the path at the left in 
Fig. 3 makes more than 1/) collisions in moving one 
centimeter across the gap; in fact, ¢/vA collisions would 
be expected per centimeter of drift, where ¢ is the average 
random velocity and v is the drift velocity in the direction 
of the field. For air at one atmosphere, this is about 
3 x 10° collisions/cm. 

Let us consider now the path of another electron shown 
at the right in Fig. 3. This electron suffers a series of 
collisions which returns it to the cathode, where it is 
removed from the gap. Such a process is known as back 
diffusion. The probability that an electron can escape such 
a fate is dependent upon the magnitude of the applied 
electric field which is tending to pull it away from the 
cathode. In addition to the applied field, there will be an 
opposing electric field due to the charge on the electrons 
themselves. We are now in a position to explain the low 
field Region A of Fig. 2. When the voltage is nearly zero, 
most of the electrons emitted return to the cathode because 
of back diffusion and the space charge field. As the field 
is increased, more and more electrons “escape” and the 
current increases until very few electrons return to the 
cathode. The current then approaches a saturation value 
which depends directly on the number of electrons emitted 
per second from the cathode, and thus also on the light 
intensity. 

If the plateau value of the current corresponds to the 
collection of essentially all of the electrons emitted from 
the cathode, the further rise in current in Region B of 
Fig. 2 must be due to the generation of additional charge 
carriers in the gap by some new mechanism. This 
phenomenon may be explained by consideration of a dif- 
ferent kind of collision (inelastic) between electrons and 
molecules. As the term suggests, in such collisions a large 
fraction of the electron’s energy may be lost. The energy 
associated with molecules is distributed among several 
degrees of freedom besides translational motion (the kind 
which we already considered under elastic collisions). 
There is, first, energy associated with the vibration of the 
atoms within the molecule, and with rotation of the mole- 
cule as a whole. Secondly, there is electronic energy asso- 
ciated with the electrons in their various orbitals in the 
molecule. The energy of the molecule in all of these de- 
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Electrometer 


Fig. 1—Apparatus for the study of pre-breakdown currents. 


grees of freedom (except the translational) is quantized. 
This implies that not all values of energy are possible, 
but only certain discrete amounts. Thus, energy can be 
transferred in collisions between a molecule and an 
electron only if the electron possesses at least the amount 
required to raise the molecule to a higher quantum level. 
While this condition is necessary, it should be noted that 
it is not sufficient, and other restrictions (discussion of 
which is beyond the scope of this article) may make a 
particular type of collision highly improbable. Thus, 
though the minimum energy required to excite rotational 
and vibrational levels is small (a few hundredths to tenths 
of an electron volt) present evidence indicates that they 
are not important energy-loss mechanisms at fields ap- 
proaching those required for gas breakdown. Excitation 
of electrons to higher energy levels, on the other hand, 
is a dominant energy-loss mechanism. Such levels are 
separated by several electron volts, and this energy may 
reappear as the electron returns to its normal orbital as 
light, either in the visible or ultraviolet regions of the 
spectrum. Collisions leading to electronic excitation do 
not substantially alter the pictures shown in Fig. 3, although 
they reduce considerably the average electron velocity 
and energy 

When an electron possessing sufficient energy collides 
with a molecule, it may, as a limiting form of excitation, 
actually eject from the molecule another electron and leave 


Fig. 2—Typical volt-ampere characteristics of an irradiated gap. 
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Fig. 3—Paths of electrons at low fields (Region A of Fig. 2). 
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Fig. 4—Path of an electron at high fields (Region B of Fig. 2 


behind a positive ion. Such a process, if it occurs often in 
the gap, will have a profound effect on the current, since 
each of the new electrons can itself be accelerated in the 
field to produce further ionization, and an avalanche of 
electrons finally reaches the anode. This is illustrated in 
Fig. 4. It is this process which begins at the higher fields 
of Region B in Fig. 2 as the average electron energy in- 
creases. Since more electrons cross the gap than are 
liberated by the light at the cathode, the current rises 
above the plateau value. As can be seen from the rapid 
increase in current with voltage (Fig. 2), ionization is a 
strongly increasing function of the field. It may be pointed 
out that, while the positive ions move to the cathode and 
thus contribute to the total current flowing in the gap, 
they are unable to cause collisional ionization themselves. 
Because of their large mass (of the order of that of the 
molecules), they lose a large fraction of their energy 
on each elastic collision. Using the formula previously 
cited, this fraction is in the order of one half. Thus, the 
positive ions can never gain sufficient energy in the field 
at ordinary pressures to ionize another molecule. 

To put this discussion into a more quantita‘ive form. 
let us define a quantity a, known as the first Townsend 
ionization coefficient. This is the number of ionizing col- 
lisions made by one electron drifting 1 cm in the direction 
of the field. Putting it in another way, 1/a is the average 
distance in the field direction between ionizing collisions. 
In mathematical form, this may be stated as 


di<r) is 
a ai(r) (2) 


where x is the distance in the gap measured from the 
cathode, and i,(x) is the electron component of the cur- 
rent at x. We may write a similar expression for the 
generation of positive ions. Since equal numbers of posi- 
tive ions and electrons are generated by collisional ioniza- 
tion, 


dir) 


a attr) (3) 


the negative sign taking into account the movement of 
positive ions in a direction opposite to that of the elec- 
trons. These equations may be solved with appropriate 
boundary conditions and the sum of the positive ion and 
electron currents will be the total current, i, as measured 
in the external circuit. Thus 


i{r) = t(0)e* (4) 


where i,(0) is the electron current at the cathode—in this 
case, due to the photoelectrons. Substituting this value 
for i,(x) in the equation for positive ion generation gives 
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is(z) = —t(O)e** + A (5) 


where A is the constant of integration. 
Assuming that positive ions do not move against the 
field, they do not contribute to the current at the anode. 


Therefore, 


i,(6) = 0 
and 
4 = i(0)e* 


where 6 is the gap length. Therefore, the current which 
would be measured by a meter in the external circuit is 


i = iz) + i (2) = i€0) e®* (6) 


Since we are dealing with a steady-state current, i.e., one 
independent of time, the total current everywhere in the 
gap and in the external circuit must be the same. This 
value of i is given by Eq (6) and is independent of x. Now 
we have assumed that no positive ion current reaches the 
anode; therefore, i is identical with the electron current at 
the anode, i,(5). This is the reason the current measured 
in the external circuit happens to equal the electron cur- 
rent at the cathode multiplied by the collisional multiplica- 
tion factor, e®°, and this also explains why the positive ion 
current does not appear explicitly in the expression for j, 
under the steady-state conditions we have assumed here. 
Since a increases with the field, the amplification factor 
will increase very rapidly indeed with field (cf. Fig. 2). 
It is imperative to an understanding of the development 
of pre-breakdown currents, therefore, to consider in some 
detail the factors determining the first Townsend ionization 
coefficient, a. 


1.2 — First Townsend Ionization 
Coefficient 

Evidently the number of ionizing collisions per centi- 
meter made by an electron moving through the gap will 
be proportional to the total number of collisions it makes 
per centimeter times the probability that a collision will 
result in ionization. As we have seen, the total number 
of collisions between an electron and the gas molecules 
is proportional to the gas pressure p, so that a must be 
proportional to the pressure. We have also seen that the 
probability of ionization depends on the electron energy. 
If the electron has less energy than the minimum amount 
required to eject an electron from a molecule, «;, the 
probability is zero. Above this energy the probability 
increases, passing through a maximum when the energy 
is of the order of 10 X «;. This occurs because at very 
high energies the probability of ionization decreases with 
decreasing interaction time. Ionization probability curves 
have been measured for many molecules by means of 
the mass spectrometer. It remains, therefore, to determine 
just what energy the electrons will have in order to speci- 
fy a. 

Because of the many collisions electrons experience 
in their travel across a gap, they will have a distribution 
of energies ranging from near zero to a value somewhat 
above e;. Energy is gained by the electrons from the field, 
and is lost by collisions. Except at extremely low pres- 
sures, the electrons will reach a steady state in energy 
within a very short distance after leaving the cathode. 
This means that the rate of energy gain will just equal 
the rate of loss through collisions and the energy dis- 
tribution will be uniform throughout the gap. Thus, for 
an electron moving a distance Ax in the direction of 
the field E, 


EAr = vAeAr 


where v is the number of collisions per centimeter of 
travel and Ae is the average energy lost per collision. 
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Obviously, v will be proportional to the product of the 
gas pressure, p, and the cross-section of the molecules. 
As discussed in Sec. 1.1, these cross-sections will be 
determined by the electron energy. Furthermore, Ae will 
be determined by the relative values of all cross-sections 
(excitation to various electronic states, ionization etc.) 
and so it, too, will be a function of the electron energy. 
Thus, the above equation shows implicitly that the elec- 
tron energy distribution will be a function of E/p. 

To summarize the above results, a will be proportional 
to p and to some function of E/p. The ideas involved 
are illustrated in Fig. 5. Here we have drawn two electron 
energy distributions, W(e), for two values of E/p. The 
ionization probability curve P;(e) is shown, and the shaded 
areas where these curves overlap determine a. For a few 
cases in which the number of elastic and inelastic colli- 
sions occurring could be calculated using experimental 
data, these curves have been constructed and a calculated. 
For most gases, the required experimental data are not 
yet available, although semi-empirical methods, which we 
shall discuss later, are very useful. 

From the arguments in the preceding paragraph, it may 
be seen than an increase in the collision cross-section will 
lower the electron energy ‘listribution in the same manner 
as an increase in p (or decrease in E/p). Although such 
a change will result in an increase in the initial slope of 
the curve for P;(e), the lowering of the curve for W(e) 
will generally resu't in a net decrease in the shaded area: 
i.e., a will be decreased. 


1.3 — Townsend’s Crucial Experiment 

We are now in a position to describe what has been 
perhaps the most important experiment in the elucidation 
of the mechanism of gaseous conduction. Returning to 
Fig. 1 and recalling Eq (6), it is clear that if, instead of 
varying the voltage applied to the gap, we change the 
electrode spacing 8, keeping a constant, a plot of the 
logarithm of the observed current against 5 should give a 
straight line with slope a. Now we exvect a/p to equal 
f(E/p), so that with a fixed pressure of gas in the cell, a 
should remain constant if the field is kent constant. Figure 
6 shows such a plot for several apvlied fields. Except 
at high fields and large gaps, the results are as expected. 
It should be noted that. if the pressure and field in these 
experiments were doubled, the slopes of the lines would 
also be doubled. From these data a curve for a/p as a 
function of E/n» can be constructed (cf. Fig. 8), and in 
all cases a similar functional denendence has been ob- 
served. 

From the discussion so far, we should expect the cur- 


Flectro 


Fig, 5—lonirat 
bution (W) curves. 


probability (P;) and electron energy distri- 


> 
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rent to fall to zero if the source of cathode illumination 
were removed—that is, the discharge is not self-sustain- 
ing. Townsend knew, however, that at sufficiently large 
gaps, this is not true and that, above a certain sparking 
distance 6,, the current is independent of the external 
illumination. The key to this behavior lies in the departure 
of the curves in Fig. 6 from linearity. It is clear that 
some additional mechanism must be operative in the pro- 
duction of charged species in this region. These mecha- 
nisms can be explained as follows (they all have in com- 
mon the characteristic of producing additional electrons 
at the cathode): 


1. While ions cannot gain enough kinetic energy to ionize 
molecules, they do have sufficient potential energy to cause the 
ejection of electrons upon striking the cathode. The proba- 
bility of this process increases with increasing kinetic energy 
of the ions. 

2. The importance of electronic excitation in hindering the 
development of an avalanche has already been noted, as has 
also the fact that the absorbed energy may reappear as radia- 
tion of light as a result of the excited molecular electron falling 
back to its normal energy level. This radiation may fall upon 
the cathode to produce photo-emission of electrons which may 
then start avalanches of their own. 

3. Occasionally, some of the electronically excited molecules 
may collide with neutral molecules to lose a small fraction 
of their energy. They now find themseves in a new excited 
state from which, for reasons beyond the scope of this article, 
they cannot lose the remainder of their energy by radiation 
These so-called metastable molecules may diffuse back to the 
cathode and cause electron emission on striking it. 


These three processes are described quantitatively by u 
coefficient y, which is defined as the number of secondary 
electrons produced at the cathode per electron produced 
in the gap by primary collisional ionization. The various 
y processes are often distinguished by a subscript: y; for 
positive ions, y. for photons, and y., for metastables. Al 
though the magnitude of y may be small (e.g., 10°‘), its 
overall effect may be large since these secondary electrons , 
are produced at the cathode, and each will be multiplied 
by the factor e* (perhaps 10° or more) by the time it 
crosses the gap. 

Unlike «a, the secondary coefficient y is not propor- 
tional to the pressure. This is reasonable when one notes 
that secondary electrons are produced at the cathode 
surface rather than by collision of the active species with 
molecules. The coefficient y, however, is determined by 
the energy of the primary electrons, and so is a function 
of E/p. We shall now show how the current buildup 
depends quantitatively on y. 





2—The Townsend Criterion for Breakdown 


In our earlier discussion of Eq (6), the electron current 
at the cathode, i,(0), was considered to be due entirely to 
the photo-emission of electrons produced by an external 
source of radiation. Furthermore, we indicated in Fig. 6 
that at sufficiently large values of gap width (at constant 
E/p), the secondary emission contribution to i,(0) must 
be taken into account. We shall now proceed to do this 
and show how this leads to a criterion for breakdown. 

The number of new electrons created per second by a 
current i,(x) in a small distance dx is ai,(x)dx; therefore, 
the total number of electrons generated in the gap per 
second is given by the integral 


6 
af idr)dr 


From the definition of y and the use of Eq (4), the number 
of electrons produced at the cathode is 


6 
Y f aidfr)dr = vi 0)(er* a 1) 


Thus, if i, is the electron current at the cathode due 
to external illumination, the total electron current at the 
cathode, i,(0), becomes 


t{0) = io + yi-0)(er? — 1) 


Rearranging, and substituting into Eq (6), yields the 
expression for the total current i which is measured in 
the external circuit 


ge? 


‘= Toye —1 


(7) 


This current will become very large (limited only by the 


external series resistance of the power supply and the 
conducting gas) as the denominator of the preceeding 
equation approaches zero. This condition may be defined 
as breakdown and is expressed quantitatively by the rela- 
tion 


ylet®# —1) = 1 (8) 


Eq (8) is commonly referred to as the Townsend criterion 
for breakdown. Usually, e#°>>1 and the expression for 
breakdown becomes simply 


ye? = 1 (9) 


The expression (e*° — 1) represents the number of elec- 
trons (or positive ions) generated by a single electron in 
crossing the breakdown gap. Such a rapidly growing cone 
of electrons arising from a single starting electron consti- 
tutes an electron avalanche. Moreover, since y is the 
number of secondary electrons generated per primary elec- 
tron in the gap, the Townsend criterion guarantees that for 
each electron avalanche one secondary electron will be 
generated at the cathode to initiate another avalanche, 
and the discharge becomes self-sustaining. The fulfillment 
of Eq (8) does not depend upon the value of i,, provided, 
of course, there are sufficient electrons to start the sequence 
of avalanches leading to breakdown. This is not a very 
stringent requirement since ubiquitous cosmic radiation 
and radiation from radioactive impurities are easily able 
to provide these initiating electrons. 

The fulfillment of the breakdown criterion for a par- 
ticular gap width depends on the values of y and a. These 
variables, as we have seen, may depend on (E/p), gas 
pressure, the cathode composition (through y), and the 
nature of the gas. 


3—Paschen’s Law 


In 1889 Paschen introduced a generalization to the 
complex subject of gas breakdown by the experimental 
discovery of the law bearing his name. This law states 
simply that in a uniform field the sparking potential of a 
gas depends only upon the product of the gas pressure 
and the electrode separation. For example, if the pressure 
is doubled and the gap separation is reduced by one half, 
the sparking potential does not change. 

Although Townsend’s equation [Eq (8)] did not appear 
until twenty years later, it is convenient to use it now 
to derive Paschen’s Law. 

We have shown in Sec. 1 that a/p = f(E/p) and y = 
e(E/p). By substituting into Eq (8) and setting the spark- 
ing potential V, equal to E,6 (valid for uniform fields), 
we obtain the expression (valid at breakdown) that follows: 


q [ = Jew. rp) —]) =] 
, po 


Examination of this equation shows that the variables are 
V, and pé. Solving explicitly for the sparking potential, 
we then have 


V, = (ps) 


where w is a function of the variable pd only. This is the 
mathematical expression of Paschen’s Law, and we shall 
derive in Sec. 3.1 an expression for the function w(pd). 

In this derivation we have made use of the fact that 
E/p is the fundamental parameter in determining the 
breakdown voltage. This implies that the temperature is 
constant, so that the parameter Ed is proportional to E/p. 
As discussed in Sec. 1.1, if the temperature varies, then the 
fundamental variable becomes ET/p; hence, to include 
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the effects of temperature, Paschen’s Law in its most 
general form should be expressed as 


v, = v( #) 


Since most experiments are performed under constant 
temperature conditions, say 7,, we shall continue to use 
the variable E/p rather than ET,/p. One may include the 
dependence upon temperature by replacing p by p’T,/T, 
where T is the absolute temperature at which p’ is meas- 
ured. This fact must be borne in mind whenever it is 
desired to apply sparking potential data at some tempera- 
ture other than that at which the measurements were made. 

An alternative, and sometimes useful, way of stating 
Paschen’s Law is 


V. = (nd) 


where n is the number of molecules per cubic centimeter. 
For example,.in a sealed, gas-insulated transformer, when 
the temperature rises, the pressure also increases. How- 
ever, the number of molecules per cubic centimeter re- 
mains the same and the breakdown strength is constant. 

It is often stated that density is the all-important vari- 
able. This is true for a given gas, but it can be misleading, 
since, as shown in Sec. 1.1, A is determined by the cross- 
section of the molecules rather than by their mass. This 
means that the relative electric strengths of two different 
gases are not simply related to their relative densities. 
This will be amplified in a later section. 


3.1 — Analytical Expression of 
Paschen’s Law 


3.1.1—Derivation of a Simple Relation. Consider an 
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electron moving across a breakdown gap & under the 
influence of an applied field E. As shown in Fig. 4, it will 
undergo many collisions with gas molecules. Let us further 
assume that it has an average random velocity ¢ and a 
smaller drift velocity v in the direction of E. Following 
its tortuous path, it will eventually gain the necessary 
energy e; to ionize a gas molecule by collision after it has 
travelled a net distance d; measured along the direction of 
E. Due to its random motion, the electron will have 
actually traversed a somewhat longer total distance, ¢cd;/v, 
in the process of attaining the ionization energy. If the 
average distance between collisions is A, then the total 
number of collisions becomes cd;/vA. Furthermore, if Ae 
is the average amount of energy lost per collision, then 
Ae[cd;/v\] is the total energy lost. If the electron pro- 
ceeded across the gap without losing any energy, then 
Vd;/85 would be the energy gain from the field in travelling 
this critical ionization distance d;. Now, in order to pro- 
duce ionization, the electron must have a net energy gain 
of at least e;, and so we have the relation 
Vd; cd Ae 


ce we (10) 


By definition, a 1/d;, and so 


i 


] \ cAe 
sec aed ay 


From Eq (9) we have the condition for breakdown that 


I 
7 


ad = In 


and, substituting for a and replacing V by V,, we have 


: an 
V, = gin — +$—* (8/r) (12) 
¥ v 


The terms In(1/y) and (cAe/v) usually do not vary 
strongly with (8/A) and so, to a first approximation, we 
have shown V, to be a linear function of 8/A or (pd) with 
an intercept of [e; In (1/y)] (cf. dashed line of Fig. 7). 

The points in Fig. 7 indicate a typical observed Paschen 
Law curve for air. Except near the minimum, the devi- 
ations of our calculated curve using Eq (12) from the 
observed values are due to the small variations in y, c, v, 
and Ae. However, as already discussed in Sec. 1.2, all of 
these quantities are functions of E/p and, therefore, func- 
tions of V,/pd at breakdown. Therefore, Eq (12) satisfies 
Paschen’s Law since V, is purely a function of the vari- 
able pé. 

It must be emphasized that we are concerned in this 
simple model with average quantities, and the equation 
loses its meaning when d; becomes of the order of 8. For 
example, when this occurs, electrons make relatively few 
collisions in their transit across the gap and, as a result, 
c and v become functions of electron position in the gap. 
In practice, we note in Fig. 7 that, as pd becomes sufficient- 
ly low, the sparking voltage actually traverses a minimum. 
On the basis of the Townsend theory, this would certainly 
be expected, since at very low pressures, the necessary 
number of ionizing collisions can be achieved only if the 
applied field is very substantially raised to increase the 
efficiency of the primary and secondary ionization proc- 
esses. 

It is instructive to use Eq (10) to calculate the fraction 
of the energy gained from the field which is used in 
ionization (i.e., the ionizing efficiency). For air at one 
atmosphere pressure and § = 1 cm, aé or 8/d; has been 
measured to be about 19 at breakdown and V, = 30X10* 
volts. For oxygen and nitrogen, respectively, «; = 13 and 
15 ev. Solving Eq (10) for the ratio of the second to the 
first term, we have then the ratio of energy lost to all 
processes other than ionization to that gained from the 
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Fig. 7—Sparking potential pé curve for air. (See p 164 in Ref. 
1 in Bibliography at end of article.) ° = experimental; — = 
calculated from Eq (14); = calculated from Eq (12). 


field. Substitution of the above numbers yields a value of 
about 99 per cent, or only 1 per cent of the energy gained 
by the electrons from the field is used in the ionization 
process, the remainder being dissipated as inelastic (ex- 
citation) and elastic (heat) collisions. A small fraction 
of this energy is also lost by heating of the anode; this 
amount becomes increasingly impertant at lower values 
of pd. If this calculation is made near the Paschen mini- 
mum (pd = 0.7 and ad = 3) we find the ionization to 
be much more efficient, approximately 20 per cent of the 
energy gained by the electrons appearing in ionization 
processes. At values of pS below the minimum, the ioniz- 
ing efficiency again drops, owing to the infrequency of 
collisions, as previously discussed. 

One interesting and practical consequence of the min- 
imum in the sparking potential-pd curve is that at low 
pressures a long gap may break down at a lower voltage 
than will a shorter gap. Examination of Fig. 7 will show 
this to be the case whenever the pressure is sufficiently 
low, so that we are concerned with values of pd to the 
left of the minimum. 

3.1.2—A More Quantitative Sparking Relation. We 
have derived an expression for a/p as a function of E/p 
{Eq (11)] on the basis of a very highly oversimplified 
model. For practical use, we must have a more quantita- 
tive relationship between these quantities. To actually 
derive this is beyond the scope of this article, but it is of 
interest to state the required procedure in words. We have 
discussed in Sec. 1.2 the need for knowing the energy 
distribution function W(e) for electrons and the probability 
of ionization P;(e). Theoreticians have computed W(e) by 
equating all the possible ways for dissipating energy 
(elastic and inelastic collisions) to that gained from the 
field. The function P;(e) is measured experimentally and 
its product with W(e) gives us the desired quantitative 
expression for a/p = f(E/p). No single equation is valid 
for all ranges of (E/p), but an expression useful over a 
large range of practical value is 


a/p = Ae~v!B (13) 


Here A and B are constants characteristic of the particular 
gas under consideration. They will be discussed further 
in Sec. 8. Inserting Eq (13) into the Townsend criterion 
for breakdown [Eq (8)], we have a useful quantitative 
expression for the sparking potential as a function of 
ps, viz: 


ic ls 
A 
In pé + In lima v5] 
Under practical conditions, the change in y with pd is 
small and the logarithmic dependence reduces it even 


V, = (14) 
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Fig. 9—Dependence of the breakdown strength of air on elec- 
trode spacing. Plane parallel electrodes; pressure, 1 atmosphere; 


temperature, 20 C. (See p 83 in Ref. 8.) 
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E/p,. volts/cm/mm Hg 


more; hence the term in the brackets is often treated as 
a constant. 

The solid line of Fig. 7 has been computed using Eq 
(14) where, from measurements of a/p vs E/p (Fig. 8), 
A = 8.8 cm"! mm Hg"! and B = 256 volts cmxXmm Hg. 
By fitting the equation to the experimental data at pd} = 0.7 
mm HgXcm, y is found to be 4.910-*. The agreement 
with the experimental values (the circles) is seen to be 
much better than that obtained with our simplified ex- 
pression. 


3.2 — Intrinsic Electric Strengths of 
Gases 


As the name implies, the “intrinsic” electric strength 
of a gas would be a quantity whose magnitude depends 
solely upon the properties of the gas, and does not depend 
upon the electrode spacing, electrode composition, dura- 
tion of the applied stress, etc. In the light of the Town- 
send criterion for breakdown discussed above, it is clear 
that no such idealized strength exists. 






















































































Fig. 8—Dependence of a/p on E/p for air. (See p 106 in 
Ref. 3.) 


If we solve Eq (12) for the electric strength, we obtain 


e; In(1/y) + cAe 


6 ’ 


E, = (15) 
Inspection of this equation shows that E, will increase as 
5 becomes smaller. Figure 9 shows the measured depend- 
ence of the electric strength of air upon gap spacing and 
we note that the commonly accepted engineering value of 
32 kv/cm applies only at a gap of one centimeter. Of 
course, a similar dependence of E, on pressure is observed 
at constant gap. 

We note in Eq (15) that the electric strength also 
depends upon y. This quantity, in turn, depends upon the 
composition of the cathode and not upon the composition 
of the anode. The sensitivity to changes in y depends upon 
the particular value of pd for which the breakdown strength 
is measured. For example, if pd lies between 10 and 1000, 
there is no readily observable dependence on the cathode 
composition, but in the region of the minimum value, a 
cathode effect is easily detected. 


4— Time Lags 


4.1 — Origin and Importance of 
Time Lags 

Up to this point we have been dealing with a steady- 
state situation; i.e., we have assumed that the time of 
application of voltage plays no part in determining the 
pre-breakdown currents or the breakdown threshold. Actu- 
ally, this may not always be true. When a field sufficiently 
large to cause breakdown is applied to a system of elec- 
trodes, there are two reasons why sparkover does not occur 
immediately: (1) time is required for one or more initial 
electrons to appear in a favorable position in the gap to 
lead to the necessary avalanches, and (2) the develop- 
ment of these avalanches and buildup of current to a 
value corresponding to breakdown requires time because 
of the finite mobilities of the particles. Thus, there is a 
time delay before breakdown which is the sum of these 
two periods, the first being called the statistical time lag, 
and the second the formative time lag. 

With an unirradiated gap in which cosmic rays and 
radioactive impurities are the sole source of electrons, the 
time lag will be largely statistical. In a gap purposely 
irradiated, the statistical time lag may be sufficiently re- 
duced so that the principal contribution to the total lag 
comes from the formative part. Indeed, the two time lags 
are separated and measured experimentally in just this 
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manner. These time lags are of considerable practical as 
well as theoretical interest, since if the duration of the 
applied voltage pulse approaches the time lag, appreciable 
increase in breakdown voltage may be observed. 


1.2 — Statistical Time Lags 


As has been suggested, the statistical time lag, 7,, is the 
average time required for a sufficient number of electrons 
to appear in the gap in order that breakdown may be 
initiated. Let us examine some of the factors controlling 

If 8 is the rate at which electrons are produced in the 
gap by external radiation, P, the probability of an electron 
appearing in a region of the gap where it can lead to a 
spark, and P, the probability that such an electron will 
lead to a spark, then the average time lag +r, = 1/AP,P.. 
Also, if a gap has survived breakdown for a time, ft, then 
the probability that it will break down in the next interval 
of time, dt, is BP,P.dt. This will be independent of 1 if 
AP,P. is independent of t. Let us suppose that we measure 
the time to breakdown in n, experiments, and that after a 
time ¢, n, of them have not broken down. Then, in the 
next interval, dt, the number breaking down will be dn, 
where 


dn; = BP, Pon, dt 
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Integration gives 


t 
In(ni/no) = -f BP,P-dt 
0 


or, if 8, P, and P, are constant over the time range of 
interest, 
Me = Noe FP,P, = me*!*, (16) 


This relates the fraction of breaks, n,/n,, occurring after 
time f, to the average statistical time lag. A plot of In(n,/n,) 
vs t should give a straight line whose slope is 1/7,, pro- 
vided that BP,P. is constant. Such a plot is shown in 
Fig. 10. 

If the level of irradiation is increased, 8 increases and 
therefore 7, decreases; hence the slopes of the lines shown 
in this plot would increase. With cathodes of higher work 
function, 8 will be smaller for a given level of illumination. 
This is evidenced by the larger time lags for tungsten 
compared with nickel. The work function of the cathode 
will be influenced strongly by the presence of surface 
films. These usually raise the work function and so would 
be expected to increase the average time lag. However, 
experiments have shown that positive ions produced in 
the gas by collisional ionization may collect on very thin 
insulating films to produce high local fields at the under- 
lying cathode, and hence field emission of electrons. If 
this is the case, then the time lag is reduced as shown in 
Fig. 10. This phenomenon, which as we shall see, may 
result in an apparent decrease in sparking potential, is 
known as the Paetow or Malter effect. It must be realized 
also that 8 may be affected by gap geometry, since for 
short gaps it may be more difficult to irradiate the cathode. 

The type of irradiation used will be an important factor 
controlling P,; i.e., the probability of an electron appear- 
ing in a favorable position to produce breakdown. The 
most favorable position is, of course, near the cathode. 
Alpha particles may favor production of electrons through- 
out the gas space, ultraviolet illumination largely at the 
cathode. In the case of closely-spaced spheres, the area 
under a stress sufficiently large to lead to breakdown will 
vary with electrode spacing and with overvoltage, so that 
these will be important variables in determining P.. Over- 
voltage is defined here as the increase in voltage required 
to ensure breakdown within a fixed time interval over 
that which would be required if infinite time were avail- 
able. 

We shall next consider some of the factors which will 
cause changes in the statistical time lag through changes 
in P,, the probability that an electron, favorably located. 
will lead to a spark. The fulfillment of the Townsend 
breakdown criterion, y(e*® —1) = 1, does not guarantee 
that breakdown will be initiated by a single electron start- 
ing from the cathode. This criterion was derived on the 
basis of the average behavior of a large number of elec- 
trons, and a single electron may or may not liberate the 
necessary secondary electron as it avalanches toward the 
anode. However, if the gap is overvolted and y(e% —1) 

1, then the probability, W, that a single electron will 
be multiplied into a steady current rapidly increases. The 
relationship between W and overvoltage may be calculated 
using statistical methods, and a typical curve is shown in 
Fig. 11. To construct such a curve for anv gas and elec- 
trode system requires a knowledge of the dependence of 
a/p and y on E/p. As is to be expected, with increasing 
overvoltage the average statistical time lag approaches 


1/BP,. 


4.3 — Formative Time Lags 


We now assume that an amount of time equal to the 
average statistical time lag has elapsed and we have an 
initiatory electron according to the discussion in 4.2; con- 
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sequently, this electron will lead eventually to a break- 
down. An additional amount of time will be required for 
this electron to cause a breakdown for these two reasons: 
(1) electrons, positive ions, metastable atoms, etc., all 
require a certain amount of time to cross the breakdown 
gap; (2) since the Townsend breakdown criterion [Eq 
(8)] requires an infinitely large current for breakdown, 
many such transits must occur before the initial feeble 
currents are amplified to a sparkover level. As we shall 
discuss later, this requirement of an infinite current at 
breakdown is really a formal one, since the generation of 
sufficient space charge causes finite currents to lead to 
breakdown. 

The temporal buildup of these currents has been cal- 
culated and measured experimentally and a few typical 
results are shown in Fig. 12 for different levels of over- 
voltage, AV. Since photons, positive ions, and metastable 
molecules have greatly different mobilities (decreasing in 
this order), a comparison between calculated and measured 
curves helps to identify the particular secondary mechan- 
ism which is dominant. 

It has been shown theoretically that a linear growth of 
current with time (the straight line of Fig. 12) occurs 
when the applied field is such that the Townsend criterion 
is just satisfied. For lower fields, the current levels off at 
some finite value of current, while for fields higher than 
breakdown the current grows rapidly to indefinitely large 
values. The precise value of the current at which space 
charge distortion leads to breakdown may ,not be known. 
The dashed line in Fig. 12 may indicate the value of 


(a) Nickel cathode 
(b) Tungsten cathode 
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Fig. 10—Plots of n,/n, vs time (cf. text) in air, 1 atmospheere 
I 105 volts/cm. (See p 107 in Ref. 9.) 
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Fig. 11—Dependence on overvoltage of probability (W) that a 
single starting electron will be multiplied into a steady current. 
(Cf. text and see Fig. 28 in Ref. 2.) 
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Fig. 13—Formative time lags as a function of overvoltage. 
(See p 142 in Ref. 9.) 


current, i.,, at which space charge becomes important and 
causes breakdown. However, if a larger value, i,., has been 
chosen, it is clear that the observed formative time would 
be changed only slightly, since the curves are so steep in 
this region. In Fig. 12, the formative time is the time 
which elapses as the current builds up to i,, and we note 
in Fig. 12 that, as the overvoltage is increased, the time 
lag decreases. Although it is desirable to observe the 
complete temporal development of a current to breakdown 
more often, only the time to sparking has been observed. 

The circles in Fig. 13 show some typical observed 
formative time lags as a function of overvoltage AV. 
Curves (a) and (b) are calculated curves for i, = 10°! 
and 10-° amp/sq cm, respectively, where it is assumed 
that all the secondary electrons are produced by a photon 
mechanism. The dashed curve (c) is computed for an 
i, of 10°' amp/sq cm, but assuming that 10 per cent of 
the secondary electrons are produced by a y; process and 
90 per cent by a y, process. It is apparent that, by further 
selection of the value of i, and the ratio y;/y,, the ex- 
perimental points could be fitted. In this way, the nature 
of the various secondary processes is elucidated. 


4.4 — Practical Implications 


We have indicated that both the statistical and forma- 
tive time lags usually decrease rapidly with increasing 
overvoltage. Orders of magnitude are shown in Fig. 14(d). 
With this fact in mind, let us consider the following ex- 
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. 14—Breakdown times for different waveforms. 


Fig. 12—The temporal buildup of current for various over- 
voltages, AV. 








periment: at a constant overvoltage [AV, in Fig. 14(a)], 
a rectangular pulse of voltage of gradually decreasing 
length is applied to a spark gap. When the duration of the 
pulse becomes smaller than the time lag corresponding to 
the overvoltage AV,, breakdown will not always occur 
Therefore, to obtain consistent breakdown under these 
conditions, it is necessary to increase the overvoltage to 
AV, [Fig. 14(a)] which, in turn, decreases the average 
time lag and thus raises the fraction of pulses leading to 
breakdown. It is for this reason that we observe an im- 
pulse ratio greater than unity. 

It is interesting to note that, depending on the time 
lag, impulse breakdown may occur during either the rising 
portion or descending portion of the wave as long as the 
threshold voltage is exceeded [Fig. 14(b)]. The precise 
instant of breakdown is a complicated function of the 
overvoltage, and thus the waveshape of the applied volt- 
age. 

We may regard a 60-cycle stress as a series of impulse 
waves. Due to the repetitive nature of the wave, the 
probability of breakdown increases. Specifically, reference 
to Fig. 14(c) shows that if ¢ is that fraction of the half- 
cycle during which V, is exceeded, and 7 is the total time 
lag corresponding to the particular waveshape during 1, 
then breakdown will, on the average, occur after n half- 
cycles if nt/r = 1. Practically speaking, this means that 
when 60-cycle breakdown voltages are applied for a mat- 
ter of a few seconds, the peak a-c sparking potential will 
rarely exceed the d-c value by more than a fraction of a 
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per cent. 

When a stress of arbitrary waveshape is raised, for 
example with a motor-driven control at a fixed rate (say 
A volts/sec), then the expected overshoot in voltage for 
a time lag of + will be simply Ar volts. To assess the 
magnitude of this effect, it is convenient to vary either 
the rate of rise or the level of illumination and observe 
any possible change in the sparking potential [see Fig. 
14(d)]. 

In Fig. 13, the formative time lag was shown to be 
less than 1 ysec for overvoltages greater than about 2 
per cent. Thus, in practice, the error in observed break- 
down voltage due to this time lag is entirely negligible 
except for very rapidly rising voltages (impulse) where 
the applied voltage may overshoot V, appreciably in such 


a short time. The statistical time lag can usually be re- 
duced to unobjectionable values by illumination with an 
ultraviolet lamp, radioactive materials, or an auxiliary 
spark gap. In the last case, the spark serves simply as a 
source of ultraviolet illumination. 

Sometimes it is of interest to calculate the expected 
time lag for a given value of i,, the primary photo-current. 
This is readily done if one uses the conversion that a 
current density of 10-'° amp/sq cm provides 1 electron/- 
psec/sq cm. We multiply this by ten to allow for a realistic 
conversion efficiency of these electrons to those which 
will ultimately become iniatory electrons (P,P, of Sec. 
4.2). Therefore, for a photocurrent of 10°? amp/sq cm, 
the overshoot due to statistical time lag will be reduced to 
a small value for stresses lasting 1 «sec or longer. 


5 — Breakdown in Inhomogeneous Electric Fields 


5.1 —Inhomogeneity Caused by the 
Electrode Geometry 


We have been concerned exclusively with uniform 
electric fields in which E is constant and independent of 
*, where x is the spatial coordinate directed along the 
drift path of an electron participating in the breakdown 
process. This condition is readily fulfilled with parallel- 
plate electrode systems having suitably contoured edges, 
and for two similar spheres which are separated by less 
than one-tenth of their diameter. However, many of the 
electrode configurations commonly encountered in _prac- 
tice generate inhomogeneous fields where E = f(x). Ex- 
amples of such electrode systems would include widely 
spaced spheres, coaxial cylinders, orthogonal cylinders and 


hemisphere-to-plane. Considerable effort is being expended 
in the design of electrical equipment, such as gas-filled 
transformers, to shape the conductors in a manner so as 
to reduce the field inhomogeneity to a minimum. 

As we have seen, a is a strong function of E, and so, 
for such electrode systems, we must now replace ad by 


the integral 


5 
f adr 
0 


The Townsend criterion for breakdown in non-uniform 
fields thus becomes 


or 5 
+ [ exp (f adz ) 1] =] 
5 
fad 


is not generally a function of the product a8, and the 
argument advanced in Sec. 3 to derive Paschen’s Law is 
therefore no longer valid. Although Paschen’s Law is not 
applicable to electrode systems which give rise to in- 
homogeneous fields, there is a much more general “Law 
of Similitude” which does apply to both uniform and 
non-uniform field geometries. We shall see in Sec. 5.2 
that Paschen’s Law is really a special case of this more 
general law and applies only to uniform fields. 

In addition to knowing E = f(x), in order to apply 
Eq (17) we must, of course, know the functional depend- 
ence of y and @ upon E (cf. Fig. 8). This dependence 
has been measured experimentally for a number of gases. 
The sparking potential computed with the aid of Eq (17) 
agrees well with observed values for moderately inhomo- 
geneous field systems. However, in the use of this equa- 
tion, there are some limitations on the rapidity with which 
the field may vary with x, as well as restrictions on the 
degree of asymmetry and size of the electrodes. The 


The integral 
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reasons for the failure of the equation under these ex- 
treme conditions will now be discussed. 

If (dE/dx) is very large, the electron velocity will be 
changing rapidly and will not be characteristic of the 
value of E in the region of the gap in question; i.e., the 
electrons are lagging behind the field. 

When the size of the anode is small compared to the 
length of an electron mean free path, the electrons may 
not strike it following their last collision with a gas mole- 
cule. As a result, extra ionization may be possible. 

For asymmetric electrodes (e.g., coaxial wire and cyl- 
inder) the value of y will depend upon the polarity of 
the electrodes. If the small electrode is the cathode, then 
y; will, in general, be larger than if it is the anode, because 
y; usually increases with E/p. In addition, if the small 
electrode is the cathode, then most of the multiplication 
and excitation will occur near the cathode, and this tends 
to increase y,. On the other hand, geometrical considera- 
tions suggest that a smaller fraction of these photons will 
strike the cathode and this effect would cause a decrease 
in y,. Usually, the former effect is dominant, and so both 
y; and y, are larger with the smaller electrode as the 
cathode and a lower value of V, results. 


5.2 — The Law of Similitade 


The Law of Similitude, or Similarity Principle, states 
that the volt-ampere characteristic of a given gas discharge 
system will not change if all its linear dimensions are 
increased by a constant factor and the gas pressure is 
reduced by the same factor. This principle may be used to 
considerable advantage in the analysis of many discharge 
phenomena. For example, one can predict the behavior 
of a new kind of discharge from the known behavior of 
another system. In addition, fulfillment of the Law of 
Similitude can help to distinguish certain processes which 
may occur in a new discharge. We shall first show the 
basis for the similarity principle and then discuss some of 
the other properties of similar systems in addition to the 
identity of their voltage-current characteristics. 

Consider two geometrically similar systems, 1 and 2, 
in which, by definition, all the linear dimensions of 2 are 
a times those of 1. The geometrical configurations are 
completely arbitrary and so are not restricted to those in 
which uniform fields are present. An example of two 
similar systems is shown in Fig. 15, where a = 2. 

We next define a pair of “corresponding points,” P, 
and P., located in systems 1 and 2, respectively. If P, is 
located at a radial distance r, from some reference point 
in system 1 (e.g., the center of the grounded sphere in 
Fig. 15), then P., will be located at a distance ar, from 
the corresponding reference point in system 2. 

We now apply potentials to the ungrounded electrodes 
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System 2 


Fig. 15—Similar discharge systems. 


of each system and cause surface charge densities |o,| and 
o,| to appear on the electrodes. Assuming that the space- 
charge density in the gap is sufficiently small so that the 
field is that due to the applied potentials only, the potential 
V, at P, is given by the surface integral 
V; = | oidA,/ri 

Here dA, is an element of electrode surface area, and r, 
is the distance between P, and dA,. Similarly, at the 
corresponding point P., in system 2, the potential is given by 


fod. r 


. 


+ 


Wood A\/ar; 


since dA It will be noted that 


V V, 


a’dA, and r ar,. 
only when 


a o\/a (18) 


We may extend this argument to other pairs of corre- 
sponding points, and conclude that corresponding points 
of similar systems, including the electrode surfaces them- 
selves, are at the same potential when the surface charge 
density is related by Eq (18). And so, if a potential 
V, V., is applied to the ungrounded electrodes of the 
two similar systems drawn in Fig. 15, then Eq (18) is 
fulfilled and the potentials at all corresponding points are 
equal. 

Referring to this figure, let us consider an additional 
pair of corresponding points, P’, and P”’., displaced by 
small distances Ar, and Ar, from P, and P.. Since these 
are corresponding points, 


Al AV, 
and 
Ar, aX; 


In the limit, therefore, we have 


d\ 


That is, the fields are related by 
E, = E,/a 

If the pressures in the two systems are adjusted so that 
Po = pi/a 

then 


Distonce 


Fig. 16 
charge. 


-Field due to uniformly distributed positive space 


Thus all quantities that are functions of (E/p) only (e.g., 
a/p and y) are the same in the two systems. 

A modification of Eq (7) to cover the case of a non- 
uniform field (Sec. 5.1) shows the current i measured in 
the external circuit to be 


ly EXP f° adr 
Cia a ; 
l-y [ exp f adr — | 


It then follows that if i, is adjusted to be the same in the 
two systems (e.g., by the level of irradiation of the cath- 
ode), then 


y=! 


and the current-voltage characteristics for the two dis- 
charges will be identical. 

Since breakdown is defined by a point on this char- 
acteristic, it follows that the sparking potentials will be 
the same for the two systems. Furthermore, if the Law 
of Similitude is applied to the case of breakdown along 
a uniform-field path, then it becomes a statement of 
Paschen’s Law, since the only linear dimension of the 
system important to the breakdown process is the separa- 
tion 6 of parallel plates or closely spaced spheres. Hence. 
Eq (19) becomes an expression of Paschen’s Law. 

It is clear from the foregoing that if the Law of Simili- 
tude is to be obeyed, all processes which determine the 
electrical behavior of the discharge must be functions of 
E/p only. For example, the processes in gas mixtures 
where ionization may involve metastable atoms have been 
examined extensively in the light of similarity behavior. 
Also, the possibility of field emission at high pressures 
has been studied by observing the departures from simi- 
larity. Since field-emitted currents are functions of E and 
not E/p, the conditions necessary for similarity behavior 
will not usually be fulfilled in breakdown involving ex- 
ceptionally high fields. 


5.3 — Inhomogeneity Due to 
Space Charge 


We have already discussed breakdown in non-uniform 
fields which are established by the electrode geometry: 
however, when space charge is present, it is possible to 
have inhomogeneous fields even though a_ uniform-field 
geometry is used. In fact, as we shall see, Poisson’s equa- 
tion demands a change in field strength across a gap, 
even though the space charge is uniformly distributed. It 
is to be understood that the generation of inhomogeneous 
fields in this manner requires unequal concentrations of 
positive and negative charge, a situation not uncommon 
in gas discharges. 

Although eaual numbers of positive ions and electrons 
are generated by collisional ionization in the gas, a space 
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charge develops because of their relative displacement 
under the influence of the applied field. This distribution 
is further modified because of the greater mobility of the 
electrons over that of the positive ions. 

With appropriate boundary conditions, the field along 
the breakdown path is completely determined by Poisson’s 
Equation, viz., 


dk 

dr 

Here p is the net charge per unit volume. This charge 

density is the sum of that due to electrons and positive 

ions which are, in turn, related to the current densities 
by the relations 


= —4rp (20) 


JAt) = pAx)-0, 
and 
J4@) = p(r)-v, 


Here v, and v, are the drift velocities of electrons and 
ions, respectively. Up to the present time, we have assumed 
that these two currents are sufficiently small so that p 
(and hence dE/dx) is zero. Therefore E throughout the 
gap consists only of the applied field. 

It is instructive to consider the simple case where the 
charge density is distributed uniformly throughout the 
gap—i.e., p is constant and independent of x. Ia this case, 
Eq (20) is readily integrable and we have 


E(r) = E(O) —4Anrpr (21) 
where E(0) is the field at the cathode. The boundary 


condition is 
[[eca: = Vio 
0 


where V,,,, is the applied voltage. Integration yields 
Vapp = E(0)5 — 278 


Combining Eqs (21) and (22), we have 


E(x) = Expy + 40 G - r) 


Fig. 18—Influence of current density, j,, on the Townsend 
buildup (cf. text). » 
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In Fig. 16 we have drawn the field throughout the gap 
for the case where p is a uniformly distributed positive 
charge. We note that the field at the cathode is enhanced. 
The field is diminished at the anode by a like amount, 
and remains unchanged at the center of the gap. 

To illustrate the magnitude of the quantities involved 
in Eq (23), we shall calculate the positive ion current and 
space charge to give a 10 per cent field enhancement at 
the cathode. Evaluating Eq (23) at x = 0, we have 


E(O) = Eapp + 2xpd (24) 


If p is in coulomds/cu cm and E is in volts/cm, then Eq 
(24) becomes 


E(O) = Expp + 2x95 X 9 X 10"! 


For rough calculations then, Eq (24) has no conversion 
factor for units when E is in volts/cm and p is in pica- 
coulombs/cu cm. Assuming, for example, 6 = 1 cm, 
Egyp = 2X10* volts/em, and that E(0)/E,,,, = 1.1, we 
find p to be 500 pica-coulombs/cu cm. Defining the mobil- 
ity of the positive ion by the relation v, = yw,E, and using 
a mobility of 2 sq cm/volt/sec for the positive ion, we 
have v, = 6X10* cm/sec. The required current density, 
then, is j, = v, w, = 3X10°° amp/sq cm. 

We must realize, of course, that in a Townsend dis- 
charge, collisional ionization does not lead to a uniformly 
distributed positive space charge. To see this we may 
plot the expressions for positive ion current, j,, and elec- 
tron current, j,, as derived in Sec. 1.1 for the steady state. 
Here (and in what follows in this section) we assume 
electrode areas of 1/sq cm, so that j and i are equal. These 
quantities are plotted in Fig. 17(a) as a function of posi- 
tion in the gap. The curves in Fig. 17(b) are constructed 
by dividing the currents by their respective velocities, 
remembering that v,/v, = 100—1000. The curve of Fig. 
17(c) is constructed by adding algebraically p. and p, to 
give the net charge p,,,. We note that most of the space- 
charge buildup occurs in the vicinity of the cathode. 

In the above analysis, in the use of Eqs (4) and (5) for 
i.(x) and j,(x), we have made the assumption that the 
space-charge density was never sufficiently high to cause 
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Fig. 17—Current and space charge distribution in the Town- 
send gaps for small currents. 
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Fig. 19—Influence of y on the effect of space-charge distortion. 


appreciable variations in E(x). Thus a and j,(0) could be 
regarded as constant. As the breakdown field is approached, 
these simplifications are not justified and, when we take 
into account the variable space charge, the complete solu- 
tion of the problem becomes very difficult. In recent years, 
the complete current-voltage characteristic has been cal- 
culated through the breakdown region into the glow dis- 
charge region. We shall next comment upon the qualitative 
aspects of the influence of space charge on breakdown. 

The Townsend criterion, neglecting space-charge effects, 
predicts that the current at breakdown will approach in- 
finitely large values. The growth of the current according 
to this expression is given by the idealized curve a-b-c in 
Fig. 18, breakdown occurring at V,. This figure does not 
refer to a specific system, but the numerical values indicate 
orders of magnitude to be expected. In reality, the detailed 
calculations mentioned above show that when space-charge 
distortion becomes large, the current-voltage plot assumes 
a characteristic with a sharply negative slope. Unless the 
current in the circuit is severely limited, the current reaches 
an unstable runaway condition at b of Fig. 18 and break- 
down ensues. If j, is considerably larger, say 10-5 amp/sq 
cm, the point of infinite slope at g occurs at a voltage 
lower than that predicted by the Townsend criterion. On 
the other hand, for a considerable range of values of j, 
lower than about 10-?° amp/sq cm, the characteristic de- 
scribed by curve e-b, the V, value remains nearly identical 
with that of the Townsend expression. 

In Sec. 4.3 we used the attainment of a certain rather 
arbitrary critical current as a criterion for breakdown. 
We now see that this current is given approximately by the 
locus of the points of infinite slope in Fig. 18 as indicated 
by the dashed line. Although the line so drawn does not 
indicate a completely constant value of current, the vari- 
ation is not large. Furthermore, it was shown in Sec. 4.3 
that the time lag was relatively insensitive to the value 
chosen. Thus, for the calculation of time lags, it is reason- 
able to assume that breakdown occurs when a constant 
critical current density is reached. 

The precise value of j,, at which appreciable lowering of 
the breakdown potential by space charges sets in is strongly 
influenced by the value of the secondary coefficient y. 
We shall proceed to explain this with the aid of Fig. 19. 
Here, In j is plotted against the gap width at constant E/p 
as was done in Sec. 1.3 in connection with a description 
of Townsend’s original experiment. In the figure we show 
the current growth for two different values of y, where 
y, > yp». Initially, both curves are coincident and rise with 
a slope a. However, as we continue to increase 8, the 
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current for y, grows along curve “a” to a value j,, where 
space charge leads to a negative resistance characteristic 
and breakdown ensues at 6,. This behavior may be com- 
pared to the predicted Townsend buildup of current which 
terminates in the vertical dashed line at §,. We observe, 
that for this particular j, and y,, the Townsend threshold 
and the threshold gap with space charge are nearly iden- 
tical. In curve “b”, we plot the current growth for the 
same jy, but at a y, which is smaller than y,. The critical 
current is reached at 6,, a value now much smaller than 
5,, that predicted by the Townsend criterion. 

In Sec. 3, the influence of temperature on breakdown 
strength could be accounted for in terms of the change 
in the number of molecules per cubic centimeter. At 
sufficiently elevated temperatures, however, new pheno- 
mena may appear. For example, thermionic electron emis- 
sion from the cathode in the range 1000 to 2000 K may 
appreciably raise j,. Initially, this emission will result in a 
decrease in the statistical time lag, but later it will cause 
a reduction in breakdown voltage due to space-charge 
buildup, as previously discussed. The temperature at which 
this occurs will be determined by the thermionic work 
function of the cathode. 

At even higher temperatures (say, in the range 2000 
to 5000 K), the gas itself will thermally ionize and will 
therefore provide initiatory electrons throughout the vol- 
ume of the breakdown gap. When these undergo colti- 
sional ionization, the results will be qualitatively the same 
as increasing j,. In the extreme high temperature range, 
the gas contains such a high concentration of ion-pairs 
that it would be a conducting plasma. Under these con- 
ditions, the gas would, in reality, be broken down even 
before the application of a field and so would support 
little voltage. Such phenomena are of considerable prac- 
tical interest since they are related to arc-recovery strengths 
in switchgear apparatus. 

If the applied electric field is sufficiently high, electrons 
may be emitted from the cathode by another process 
called field emission. This process is also called cold 
emission since it occurs with an unheated cathode. At 
fields of the order of 10° volts/cm, electrons are extracted 
from the metal by means of a quantum-mechanical tun- 
neling process. Since any surface, however smoothly pol- 
ished, is really microscopically rough, local field enhance- 
ment allows this process to proceed with applied fields 
of only about 10° volts/cm. Except at extremely high gas 
pressures (several thousand Ib/sq in.) or very small break- 
down gaps (10-* —10°° cm), one does not normally en- 
counter breakdown fields of this magnitude in gases. Since 
the phenomenon results in an increase in j,, its first effect 
will be that of reducing the statistical time lag. Actually. 
this effect has recently been observed in gas breakdown 
at applied fields as low as 10* —10° volts/cm. In this case, 
the high field necessary for field emission is generated 
by the accumulation of positive ions on an insulating film 
on the cathode. 

The fields necessary for cold emission may also be 
generated by the accumulation of positive ions in the gas 
in the vicinity of the cathode, as shown in Fig. 17. Such 
an increase in field emission results in a larger value of j,, 
which in turn produces still more positive ions and an 
even higher field at the cathode. In this manner, a run- 
away or breakdown process may occur. This kind of 
breakdown differs from Townsend breakdown, even as 
modified through influence of space-charge distortion, in 
that no y process is required. Evidence for this kind of 
breakdown has been obtained in high-pressure experi- 
ments. 

Thus far, all the mechanisms of breakdown have in- 
voked some method of feedback which generates electrons 
at the cathode. However, it is difficult to envision such a 
process for positive point-to-plane gaps having large sep- 
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arations, or for lightning discharges having a cloud as a 
cathode. An attempt has been made to explain such break- 
downs by the so-called “streamer” theory, which does not 
involve a cathode mechanism. Indeed, some evidence has 
been accumulated in support of this mechanism even for 
uniform fields at high pé. 

We shall describe this new theory with the aid of Fig. 
20. In (a) a single electron avalanche is supposed to have 
made one transit across the gap to the anode. Because of 
their relatively high mobility, the electrons have been 
collected at the anode, leaving behind a dense cloud of 
positive ions at the head of the avalanche. A highly local- 
ized space-charge field is produced near the anode. High- 
energy photons produced by recombinations of ions and 
electrons and by the decay of electronically excited mole- 
cules (Sec. 1.1) are then imagined to photo-ionize the 
gas. Electrons generated in this way give rise to satellite 
avalanches feeding electrons and more positive ions into 
the region of high positive ion density. This action forms 
a conducting plasma which extends the anode toward the 
cathode. Such an extension results in an increase of the 
field at its tip as in Fig. 20(b), and the tip advances at 
an accelerated rate until the gap is bridged by the con- 
ducting plasma as in Fig. 20(c). A semi-quantitative 
criterion to describe this process has been stated as 
follows: when enough positive ion space charge is generated 
at the original avalanche head so as to cause a space- 
charge field of the same order as the applied field, then 
streamer breakdown will occur. The local field would thus 
be of the order of twice the applied field. Using an over- 
volted and uniform-field gap, photographs of single ava- 
lanches and the described transition to a positive streamer 
[Fig. 20(a,.b,c)] have been made using a cloud-chamber 
technique. 

During the early stages of the development of this 
theory, it was thought that it was generally applicable to 
gaps of the order of one centimeter in length (or even 
smaller) at atmospheric pressure. Subsequent developments 
indicated that, while the streamer mechanism may apply 
to overvolted gaps of this length, the Townsend mechanism 
still sets the lower threshold for breakdown. Although it is 
probable that the streamer mechanism will eventually estab- 
lish a lower threshold than does the Townsend mechanism 
at larger values of pd, the precise value at which this 
occurs is still in question. 


5.4 — Corona Stabilization 


In Sec. 5.1 we discussed the criterion for breakdown 
in fields of moderate inhomogeneity, and we showed that 
when the field distribution could be calculated from a 
knowledge of the electrode geometry, the Townsend cri- 
terion for breakdown could still be applied. However, if 
the field is generated by very asymmetrical electrodes and 
so is very high at one electrode and low at the other, 
then it is possible to obtain localized breakdown which 
does not bridge the gap. Such a discharge, called corona, 
is self-sustained, and does not require external radiation 
for its continued existence. Such a system will undergo 
complete breakdown at still higher voltages and so its 
breakdown characteristics consist of a corona onset volt- 
age as well as a higher flashover voltage (cf. Fig. 21). 

As shown in Fig. 21, it is invariably true that both the 
flashover and corona-onset voltages for a particular elec- 
trode separation will be lower than the corresponding 
sparking voltage for uniform fields. However, at sufficient- 
ly small gaps, even the asymmetrical electrodes tend to 
generate uniform fields, and the sparking potential curves 
for both types of electrodes will merge. We note further 
in Fig. 21 that, at small gaps, the corona-onset and flash- 
over curves coincide to an even greater extent. This is 
because at smaller separations the field is still sufficiently 
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homogeneous so that localized breakdown cannot occur 
without developing into a complete breakdown. We further 
observe that the corona onset and flashover curves tend 
to become independent of the electrode spacing at large 
gaps because the influence of the distant electrode on the 
local high field becomes smaller. 

For point-to-plane gaps, corona-onset voltage exhibits 
a polarity dependence as indicated in Fig. 22. The positive- 


Fig. 20—Development of a streamer. (See p 255 in 
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Fig. 21—Breakdown characteristics of air (60 cycles a-c) with 
hemispherical points (3/32 in. radius) to plane gap. (See Fig. 
5 in Ref. 13.) 
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Fig. 22—Effect of polarity on corona-onset voltage at 1 at- 
mosphere. Point (0.06 mm radius) to plane gap. (See Fig. 7 


in Ref. 13.) 
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Fig. 23—Discharge voltage in compressed air. Hemispherical 
point, 0.025 cm radius; gap, 0.3 cm. (See p 328 in Ref. 14.) 


point curve is higher than the negative-point curve because, 
in the latter case, the secondary processes at the cathode 
occur in the region of high field, and are thus more effi- 
cient (as discussed in detail in Sec. 5.1). With positive 
points, where the cathode secondary processes may be- 
come very inefficient, photo-ionization of the gas around 
the point may become a very dominant secondary mech- 
anism. This leads to streamer development, as pointed 
out in Sec. 5.3. Indeed, much of the quantitative informa- 
tion on streamer development (velocity of propagation, 
ion densities, etc.) has been obtained with the use of the 
positive point-to-plane geometry. 

When the gaps are sufficiently large (and, consequently, 
the field inhomogeneity is great enough to allow localized 


breakdown to occur), then an appreciable number of 
ionic space charges is generated in the vicinity of the 
point. In this case, even though the geometric field is 
known, calculation of the true field is now very difficult 
because of the uncertainties in the distribution of space 
charge. Usually, the presence of space charge reduces the 
local inhomogeneity and the system behaves as if the 
sharp electrode were rounded off. Under these conditions, 
the flashover voltage becomes higher than it would other- 
wise be, and we have so-called “corona stabilization.” 

The formation of ionic space charge requires a small 
but finite amount of time, as discussed in connection with 
formative time lags. As a result, corona stabilization does 
not have time to occur with very rapidly rising voltages 
(impulse waves). Therefore, breakdown voltages under 
impulse conditions can actually be lower than the d-c 
values; i.e., the impulse ratio may be less than unity. Such 
an impulse ratio would only be observed as long as there 
is an adequate supply of starting electrons to eliminate 
the statistical time lag effect (cf. Sec. 4.1). 

In electronegative gases, including air, corona stabiliza- 
tion gives rise to an interesting and unexpected pressure 
dependence. As illustrated in Fig. 23, for compressed air 
a maximum occurs when the point is positive; i.e., the 
sparkover voltage actually decreases for an increase in the 
pressure. As previously discussed, the flashover voltage 
is higher for a negative point than for a positive point, in 
contradistinction to the corona onset voltage. 

It may be gathered from the foregoing description that 
corona stabilization is a very complicated phenomenon. 
This is not an unexpected result when we recall that the 
space charge giving rise to the phenomenon may be com- 
posed of positive and negative ions, as well as electrons, 
all having different mobilities and originating in regions 
of different field strength. It is unfortunate that these less- 
understood phenomena are of such great importance in 
electrical equipment where divergent fields are the rule 
rather than the exception. Much further work will be 
required before breakdown voltages under these conditions 
may be computed with the degree of accuracy that is 
possible with uniform-field breakdown. 


G6 — Breakdown Under Alternating Fields 


At sufficiently low a-c frequencies, it is observed that 
breakdown occurs when the peak value of the a-c voltage 
reaches the d-c value predicted by the Townsend cri- 
terion. However, as the frequency is increased, a decrease 
in the sparking potential is eventually observed when a 
certain critical frequency is exceeded. This behavior may 
be understood when we consider that, if the period of the 
applied voltage is long compared to the transit times of 
charged species in the gap, then the situation is compar- 
able to breakdown with d-c voltages. On the other hand, 
when the period becomes comparable to the transit time 
of the charge carriers, field reversal may occur before 
these charges are collected at the electrodes and their con- 
centration may increase in the gap, with consequent field 
distortion. 

When only positive ions and electrons are present in 
the gap (non-electronegative gases), the value of the low- 
est critical frequency will be determined by the slower- 
moving positive ions. These will give rise to a positive 
space charge which will cause a decrease in the sparking 
potential in the manner described in Sec. 5.3. For a one 
centimeter gap in air at one atmosp‘iere. the sparking 
potential remains constant up to about 29 kc, above which 
‘it decreases to a steady value about 15 per cent lower. 
With a smaller gap, the transit time for nositive ions is 
reduced, and so the critical frequency is increased, 
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As the frequency is further increased, a second critical 
frequency is observed at which the electrons are no longer 
collected at the anode during each half-cycle. This would 
be expected to occur in the range 5-15 mec for a one 
centimeter gap in air at one atmosphere pressure. This 
second decrease in strength amounts to about 30 to 
40 per cent. It is clear that this decrease cannot be as- 
cribed to the buildup of space charge, since one electron 
is produced for each positive ion and both tend to ac- 
cumulate in the gap. The drop in breakdown voltage 
occurs because an electron, uncollected at the anode after 
a half-cycle. can again traverse the gap during the suc- 
ceeding half-cyc'e. The amount of ionization produced 
by each electron is thus greatly increased. As the fre- 
quency is further increased, practically none of the elec- 
trons are col eted through the applied field. Electrons are 
now lost only by diffusion to the walls and electrodes, and 
by recombination with positive ions. In electronegative 
gases, attachment of electrons to neutral molecules may 
also be an important process. It is in this frequency range 
that the criterion for breakdown is determined by the 
balance of the rate of electron generation with the rate 
of loss by diff :sion processes. This is the so-called diffu- 
sion theory cf breakdown. Where this mechanism applies, 
the breakdown voltage is independent of frequency. 

Throughout the lower range of frequencies, where the 
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positive-ion space-charge still plays a dominant role, sec- 
ondary electron production is still of prime importance. 
Accordingly, the Townsend theory of breakdown, modified 
to include the effect of space charge, still applies. As we 
proceed to still higher frequencies under conditions where 
the diffusion theory applies, secondary electron production 
becomes of minor importance, and breakdown is de- 
termined by the rate of generation of electrons by primary 
processes and the rate of loss by diffusion. As with all 
diffusion processes, this theory loses its meaning when 
the mean free path of electrons becomes of the same 
order as the electrode separation or the dimensions of 
the containing vessel. Under these conditions, it has been 
observed that secondary electron processes again become 
important. This is made manifest by sharp breaks in the 
sparking voltage characteristics as the pressure or fre- 
quency is changed. 

The Law of Similitude (cf. Sec. 5.2) may be applied to 
a-c breakdown, but must now include a term depending 
on the frequency, v. In general, if we wish similarity be- 
havior to apply to time-dependent phenomena in similar 


systems, we must make our observations at “corresponding 
times.” This comes about because the drift velocities are 
the same in two similar systems, and so different amounts 
of time are required for charges to travel corresponding 
distances in the gap. Thus if system 2 has dimensions a 
times those of system 1, corresponding times would be 
related by t, = at,. When a-c voltages are applied to the 
two systems, the times between successive zeros of voltage 
must be corresponding times to preserve similarity of be- 
havior; i.e., 


l a 


Qn, yy 
It will be recalled from the explanation in Sec. 5.2 that, 
in similar systems, the pressures p, and p, are related by 
p, = p,/a. Hence, the ratio of pressure to frequency, p/v, 
is constant in the two systems. Thus the sparking potential 
V, for a-c systems is a function not only of pr, but also 
of p/v; i.e., 


V, = f(pr, p/v) 


7 — Breakdown of Electronegative Gases 


The use of gases as insulants in electrical equipment 
offers certain advantages over the more conventional liq- 
uids and solids. In recent years attempts to utilize gases in 
such applications have led to the investigation and devel- 
opment of gases with particularly high electric strengths. 

It has been recognized that one of the most important 
processes leading to high electric strength is electron at- 
tachment to a neutral molecule to form a negative ion. 
Since negative ions, like positive ions, are too massive to 
produce collisional ionization themselves (cf. Sec. 1.1), 
attachment represents an effective method for removing 
electrons which would otherwise have contributed to ava- 
lanche development. This is especially true when the attach- 
ment occurs near the cathode, for, in this case, nearly e*? 
electrons are removed, rather than merely one. 

To include the effect of attachment in a quantitative 
manner, we must modify our original equations for the 
buildup of current (Sec. 1.1), since these were originally 
developed for non-attaching gases. We must first define an 
attachment coefficient, , which by analogy with the ioniza- 
tion coefficient, a, is the number of attaching collisions 
made by one electron drifting one centimeter in the direc- 
tion of the field. The expression »/p is a function of E/p, 
as may be shown using the same arguments as those ad- 
vanced to prove that a/p is a function of E/n (cf. Sec. 1.1). 
(This will be further discussed in Sec. 8.2.) 

Equation (2), which describes the electron current 
throughout the gap, now becomes 


1i,€r) ‘ ‘ 
a = aids) — niz) 


Equation (3), describing the distribution of positive ion 
current in the gap, remains the same: 


dir) 


3 air) 


In addition, we must now have a third equation which de- 
scribes the distribution of negative ion current: 


di_(r) ; 

— = yl(z) 
di 

These equations are solved in the same manner as before, 

with the additional boundary condition that i(0) — 0. 

The solutions are: 
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i(z) = i€0)eo 


‘ AG 
i,(x) as ete ns —ela-n)2} 


ni0) 
le 
a-yn 


i(z) = farwee ne BY 


As before, the total current is the sum of these currents; 
that is, 


i = ioy[ —2— ete - 8 | (25) 
a-yn a-yn” 


Taking into account the secondary mechanism, the electron 
current at the cathode is 


i{0) = - (26) 
I 


Electrode spacing, & 


Fig. 24—Townsend plot for an electronegative gas. Each curve 
is at constant E/p. 
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Fig. 25—Dependence of current on electrode spacing for con- 
stant values of E/p. 


Attachment in electronegative gases is demonstrated in 
the Townsend experiment by an initial curvature in the 
customary In i vs 8 plots at constant E/p (cf. Fig. 24). 
This curvature has its origin in the existence of the constant 
n/(a—n) term of Eq (25). At large 5, this term becomes 
negligible, and a linear plot is obtained as before, with a 
slope of (a—n) rather than simply a. In experimental work, 
care must be taken to cover a sufficiently large range of 6 
so that a real curvature may be observed and one does not 
incorrectly conclude that a linear plot (and thus no attach- 
ment) is obtained. Provided a > », eventually an upward 


curvature due to y will appear, just as in the case of the 
non-electronegative gases. Finally, breakdown will occur. 
On the other hand, when a < », the current approaches a 
limiting value as 8 is increased, as may be seen in Fig. 24. 

If i (in contrast to In i) is plotted against 5, at constant 
E/p, we obtain the curves of Fig. 25. When a > 7, the 
current rises with increasing slope. When a = 7, i increases 
linearly with 6 at a slope a (or ») in accord with Eq (25). 
When a < 7», the current approaches a limiting value and 
no breakdown can occur, since in the limit of long 8, ion- 
ization and attachment will just balance [cf. Eq (25)]. 

In Sec. 3.2 we showed that E,/p decreases with increas- 
ing pd. Furthermore, a/p decreases strongly with decreasing 
E/p while »/p is generally a much less sensitive function 
of E/p. Therefore, for most electronegative gases, at suffi- 
ciently large pd there will be a limiting value of E,/p 
(where a = 7) below which breakdown cannot occur. If 
a/p and »/p are known functions of E/p, this limiting 
value can be predicted. It is interesting to note that this 
limit is independent of y. It thus depends entirely upon the 
nature of the gas and is independent of the nature of the 
cathode. This is not to say that breakdown does not require 
a y process, but that no matter what the value of y, at 
sufficiently large pS, breakdown will occur at the same 
limiting E,/p. At smaller values of pd, breakdown occurs 
when the denominator of Eq (26) approaches zero; i.e., 
when 


ya 


gg = 


[eons — 1] =] 


It will be noted that this equation is the same as that ror 
the nonelectronegative gases when y = 0. 


8 — Influence of Molecular Structure 


83.1 — Non-electronegative Gases 


We have previously been concerned primarily with 
mechanisms of breakdown and have only hinted at the 
ways in which molecular structure can influence the break- 
down voltage of a gas. We noted, for example, that elec- 
tron attachment to a molecule can strongly influence the 
electric strength of a gas. 

It has already been pointed out that, since a appears in 
the exponent in the Townsend criterion, while y is a pre- 
exponential factor, the electric strength is much more sen- 
sitive to the value of a than to that of y. Thus, a knowledge 
of the dependence of a upon molecular structure will, in 
large part, enable us to predict the dependence of electric 
strength upon structure. 

Returning to our discussion in Sec. 1.2, it will be recalled 
that the average electron energy was determined mainly by 
the number of collisions that an electron would make dur- 
ing its tortuous path across the gap. In this way, we related 
the average electron energy to the gas pressure and electric 
field. It is clear that the number of collisions will also be 
determined by the size of the molecules (molecular cross- 
section). With larger molecules, the increased number of 
collisions result in a decrease in the average energy (veloc- 
ity) of the electron. The lower the average energy, the 
fewer will be the number of electrons that have energy 
large enough to cause ionization, and the smaller will be 
the value of a. 

As we have seen, the cross-section of a molecule for a 
particular kind of collision depends upon the energy of the 
colliding electron, and this dependence must be known, 
either from calculation or observation, in order to deter- 
mine a. For a few very simple gases, such as helium or 
hydrogen, the required cross-section data is available and 
calculated values of a agree well with experiment. Thus, in 
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principle, the calculation is possible for any gas. Actually, 
the data required for the calculation are generally not avail- 
able and simplifying assumptions must be made. 

Two assumptions have been made which appear to give 
reasonable results: (1) the elastic cross-section @ is inde- 
pendent of electron energy and (2) the inelastic cross-sec- 
tion o for electronic excitation may be expressed as 


o = a le — &] 


where e, is the lowest energy of the electrons at which 
excitation can occur. For energies below e,, o is taken to 
be zero. (This is analogous to the initial linear rise in the 
ionization probability curve in Fig. 5.) Using these assumed 
cross-sections and the procedure outlined in Sec. 3.1.2, 
a may be calculated as a function of E/p in terms of the 
molecular parameters considered above. It has the form 


a/p = Ae~8e/E 
where 
B = R(o8)'"(e; — «,)*!? (27) 


This expression for a/p is identical with the empirical ex- 
pression given in Sec. 3.1.2, but now B is given in terms of 
molecular parameters. To date, the constant A has not been 
identified with parametérs of the molecule, but this is not 
a serious deficiency for the reasons given in Sec. 3.1.2. As 
shown in the same section, sparking potential is related to 
B through 


‘ Bpé 
V,= > — 
In pd + In [iar i = | 


In accordance with these equations, B may be evaluated 
from the slope of the lines obtained by plotting either In 
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a/p vs p/E or \n pd, vs pd,/V,. Thus, B may be obtained 
from either pre-breakdown current measurements or spark- 
ing potential measurements. 

The values of B have been obtained in this manner from 
breakdown measurements made on a number of different 
hydrocarbon gases. If one makes the reasonable assumption 
that «, is a nearly constant fraction of e; for a given 
homologous series, then, from Eq (27), 


B/e3" = k'(oo8)'” (28) 


Thus, B/e;*/* is proportional to the composite cross-section 
of the molecule. The relation between this cross-section and 
molecular structure is shown in Fig. 26, where B/e;?/2 is 
plotted against the number of C—H bonds for some ali- 
phatic hydrocarbon gases. The reason for the particular 
choice of abscissa shown in Fig. 26 will become clear 
through the following discussion. 

We consider first the elastic cross-section @, which, in the 
energy range of interest, is determined by the external 
coulombic forces due to electrons in the molecule. We note 
also that, due to valence forces, the electrons are localized 
in space in the region of the chemical bonds. Thus, there 
are electrons associated with C—H bonds, C—C bonds, 
C=C bonds, and C=C bonds. It would therefore be rea- 
sonable to assume that the elastic cross-section would be 
composed of the sums of each of these; i.e., 


6 = No_n9e_n + No-cfc-c + Ne~cIe-c + NcacIounc 


Eq (28) may therefore be written as 


1/2 
as A oo 
B/ei"®=k [7] [nc_n9c-n + Nc-cfe-c + NewcOonc + NcacIcac] 


, : Fe 
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Fig. 26—Relationship between B/e * and the number of carbon- 
hydrogen bonds in hydrocarbon gases (cf. text). 


We observe the plots in Fig. 26 to be linear and this sug- 
gests that, for a given homologous series, (o,/@)* is con- 
stant. In the alkanes we have only C—H and C—C bonds. 
Therefore, the fact that the plotted line passes through the 
origin indicates that the electrons associated with the C—C 
bonds are buried so deeply within the molecule that they 
do not contribute to the scattering; i.e., 0... == 0. There 
appears to be little dependence on the shape of these mole- 


Glossary of Terms 


Cross-section. Cross-sectional area “seen” 
by one particle approaching another; 
often defined and measured as 1/nX, 
where ) is the mean free path and n is 
the number of molecules per cu cm. 
Must be further specified according to 
the process involved; e.g., elastic, ioniza- 
tion, attachment, etc. 


Drift velocity, v. Net velocity of charged 
particles in the direction of the applied 
field. 


Elastic collision. Collisions resulting in 
no molecular excitation; when the energy 
transfer is governed by the conservation 
of momentum and kinetic energy. 


Electron attachment. Process by which 
an electron is attached to a neutral 
molecule to form a negative ion; often 
characterized by the attachment coeffi- 
cient y, which is the number of attach- 
ments per centimeter of drift; also char- 
acterized by the ratio h = o,/6, where 
¢, is the attachment cross-section and @ 


7 
is the total cross-section. 


Electron avalanche. Exponential buildup 
of electrons by collisional ionization. 


Electronegative gas. Gas in which elec- 
tron attachment occurs. 


Excitation. Process by which quanta of 
energy are transferred to a molecule by 
collision; e.g., vibrational, rotational, 
electronic, etc. 


Field emission. Emission of electrons 


from an unheated cathode at high fields; 
sometimes called cold emission. 
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Formative time lag. Time required for a 
breakdown to occur when there is an 
adequate supply of initiating electrons. 


Inelastic collision. Collision resulting in 
excitation of the molecule. 


Ionization. Formation of a _ charged 
molecule by the gain or loss of an elec- 
tron; collisional ionization usually refers 
to the formation of a positive ion by 
electron impact. 


Ionization coefficient. Primary or “first 
Townsend coefficient,” a, is the number 
of ionizations per electron per centimeter 
drift in the direction of the field; sec- 
ondary or “second Townsend coeffi- 
cient,” y, the number of electrons pro- 
duced at the cathode per primary electron 
produced in the gas. 


Ionization energy, ¢«;. The minimum 
amount of energy, usually expressed in 
electron-volts, required to eject an elec- 
tron from a molecule; sometimes called 
ionization potential. 


Law of Similitude. Sometimes called the 
“Similarity Principle,” states that the 
volt-ampere characteristic of a given dis- 
charge system will not change if all its 
linear dimensions are increased by a 
constant factor and the gas pressure is 
reduced by the same factor. 


Mean free path, \. Average distance be- 
tween collisions between particles; may 
be further specified according to the type 
of collision; e.g., elastic, inelastic. 


Mobility, u. Drift velocity » divided by 
the electric field E. 


Overvoltage. That portion of the voltage 
applied to a gap which is in excess of the 
minimum required to cause breakdown 
according to the Townsend criterion. 


Paschen’s Law. A particular case of the 
Law of Similitude specific to breakdown 
in uniform fields. It states that the spark- 
ing potential is a function of the product 
of pressure and electrode spacing. 


Random velocity, c. The instantaneous 
velocity of a particle measured without 
regard to direction. It may be character- 
ized by its distribution function, its aver- 
age value, its root-mean-square value, or 
its most probable value. 


Sparking potential, V,. The breakdown 
voltage measured with uniform field 
geometry, providing there is adequate 
time for initiating processes to occur; 
usually determined by the Townsend 
criterion. 


Statistical time lag, r,. The time required 
for a sufficient number of electrons to 
appear in the gap so that breakdown 
may be initiated. 


Streamer breakdown. Breakdown caused 
by an increase in field due to the ac- 
cumulation of positive ions produced in 
electron avalanches. 


Townsend criterion. A relationship ex- 
pressing the minimal requirements for 
breakdown in terms of the ionization co- 
efficients a and y. For uniform fields it is 
y(eH% —1) = 1 
where § is the electrode separation. When 
a and y are known functions of the field, 
the criterion determines the sparking 
potential. 
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cules, since branching of the molecule does not alter its 
cross-section appreciably. Proceeding to the case of the 
alkenes, where there is one C=C bond in each member 
of the series, the large intercept in Fig. 26 is indicative of 
a relatively large contribution of the C=C double bond. 
This is consistent with the spatial distribution of the elec- 
trons in such a bond when it is measured in other ways. 
We note that acetylene, with one triple bond, is even larger 
than the corresponding alkene. From measurements such 
as these one might hope to establish cross-sections to be 
associated with electrons in a wide variety of atoms, and 
thus enable a more accurate prediction of electric strength 
from a knowledge of the molecular structure. 
8.2 — Electronegative Gases . 

Our first object will be to relate y, the attachment co- 
efficient of electronegative gases discussed in Sec. 7, to a 
molecular cross-section for attachment o, as was done in 
the discussion of a. While a, will be a function of the elec- 
tron energy (just as is the cross-section for excitation), for 
the sake of simplicity we shall discuss an average cross- 
section which corresponds to the average energy of the 
electrons. A more sophisticated treatment (as was used in 
the evaluation of a in Sec. 3.2) would require a knowledge 
of the electron energy distribution as well as the dependence 
of o, upon energy. 

Let ¢ be the average random velocity of the electron, 
v be the drift velocity of the electron, and \ the mean free 
path. One electron will make ¢/ collisions/sec, and the 
number of collisions per centimeter drift in the direction 
of the field will be ¢/Av. If h is the fraction of such colli- 
sions which result in attachment (i.e., h = o,/6, where 0 
is the total cross-section for electron scattering, as before), 
then the number of attaching collisions made by one elec- 
tron drifting 1 cm equals h¢/Av or yn. We recall that 


1 
j= oo 
3 X 10° pe 

so that 


oat X 3 X 10" 


n/p = . 


and we have related »/p to a, as we set out to do. 
Both ¢ and v are functions of E/p, hence »/p is, in gen- 
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eral, a function of E/p. To gain some idea of the magni- 
tude of these cross-sections, we note some approximate 
values for oxygen: o, = 1 X 10°!% sq cm at E/p = 50 
volts/em/mm Hg (less than one-tenth of the excitation 
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Our present knowledge does not permit more than a 
qualitative correlation of o, with molecular structure. For 
example, the presence of one or more halogen atoms in a 
molecule tends to raise the attachment cross-section. Fur- 
thermore, the amount of attachment tends to increase with 
the size of the halogen atom throughout the series fluorine 
to iodine. Such gases include the Freons, CCl,, and SF,. 
Other gases showing considerably less attachment are O.,, 
air, NH,, H.S, NO, H.O, and H.. The rare gases and N, 
show no measureable attachment. 

In general, insufficient knowledge of the energy levels 
of the molecules precludes precise identification of the 
attachment processes in the more complex molecules. 
However, new techniques, particularly those involving the 
mass spectrometer, are contributing much to our under- 
standing. 

An interesting practical result of these considerations 
is that, if a gas has a sufficiently high attachment coefficient, 
then a relatively small amount of the gas added to a non- 
electronegative gas such as nitrogen, or a slightly electro- 
negative gas such as air, may very appreciably reduce a—yn 
and increase the electric strength. In other words, the elec- 
tric strength may increase much more than proportionately 
to the amount of electronegative gas added. This may be 
of importance where a property such as low boiling point is 
required of the mixture, or where cost of the electronega- 
tive gas is excessive. O00 
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RELIABILITY through 


Redundancy and 
Error-Checking Codes 


© The paramount objective of complex 
electronic systems is to transfer control and 
other information from one point to another. 
© The problem of reliability is enormous 
because of numerous hardware components 
and because of the transmission of large 
amounts of informational and control data. 
© Reliability can be improved through the 


use of redundant components and circuits. 


LEONARD S. SCHWARTZ 
College of Engineering 
New York UNIVERSITY 
New York, N. Y. 


THE SUBJECT OF reliability has received much attention in 
recent years, particularly from manufacturers and users of 
electronic equipment. This interest in reliability matters is 
a consequence of the increasing complexity of electronic 
equipment used in military and in some civil applications 
such as air navigation and traffic-control systems and com- 
puters. As the equipment becomes more complex, the like- 
lihood of component failure increases, with the result that 
reliability becomes unsatisfactory. Moreover, the situation is 
further aggravated by the fact that present large-scale com- 
puters and certain control systems require a very high degree 
of reliable operation. Thus, in a computer, a single error in 
a long sequence of calculations may cause an unacceptable 
error in the final result. In the case of control systems, 
human safety may be dependent on correct operation of rail- 
way interlocks and safety circuits on automatic elevators 
and in guided missiles. 

In attempting to improve the reliability of equipment, two 
steps are possible. One is to improve the reliability of each 
component, and the other is to introduce standby and 
redundancy features into the equipment. 

Consider for a moment the first step. The reliability of 
electronic equipment is primarily a function of the reliability 
of vacuum tubes or transistors. To achieve greater equipment 
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reliability by improving the reliability of vacuum tubes or 
transistors calls for increasing their life expectancy by a 
large factor; in many cases, development has already been 
carried to a point where drastic improvement seems unlikely. 
Thus, the so-called “reliable” tubes have an initial life 
expectancy in the region of 5000 hr, and the longest quoted 
life expectancy for commercially available tubes is 10,000 
hr. Although efforts to increase life expectancy continue, 
radical improvements are not anticipated. Even the expected 
life of the transistor is not more than ten times that of the 
vacuum tube. Furthermore, estimates of life expectancy for 
vacuum tubes usually specify careful control of their operat- 
ing conditions. Such control is a matter of course in large 
permanent installations, but it is difficult to control voltages, 
temperature, pressure, and humidity under field conditions. 
Since variation of any of these may adversely affect the 
actual life of the tubes and components, the life expectancy 
specified by the manufacturer may be well in excess of that 
realized under field conditions. (1)* 

The second step is the introduction of standby and 
redundancy features. Actually, in this article, we shall be 
concerned only with redundancy features. Redundancy is 
the concept of providing duplicate circuits so that, should 
one circuit fail during operation, its counterpart would 
continue operating and the performance of the equipment 
would be substantially unimpaired. To understand the be- 
havior of circuit redundancy in improving reliability of 
operation, we shall study some of the basic laws of the 
propagation of failure probabilities through networks made 
up of unreliable components. 

In considering the propagation of failure probabilities 
under redundancy conditions, it is desirable to emphasize 
that the conventional approach to reliability from the point 
of view of equipment alone is too restrictive to be completely 
useful as far as complex electronic systems such as those 
used in air defense and missiles are concerned. The reason 
is that, since the paramount objective of these systems is to 
transfer control and other information from one point to 
another, they can fail as a result of component failure or as 
a result of a momentary failure in data transmission caused 
by noise in the circuits. We shall see that certain measures 
for combatting failures caused by noise, called coding, are 
a logical and functional extension of the redundancy meas- 
ures use to combat equipment failures. Hence, we shall 
begin with a study of redundancy systems in equipment and 
from these proceed to an examination of certain coding 
techniques. 


Network Reliability 


In the study of networks, there are three basic elementary 


* Italic numerals in parentheses refer to Cited References at end of article. 


123 





Fig. 1— Series connection of two components. 


<¢& 


Fig. 3 — Bridge connection of five components. 


Fig. 2 — Parallel connection of two components. 


structures in terms of which any network can be analyzed. 
These are the series connection, the parallel connection, and 
the bridge connection. Simple examples of these are shown 
in Figs. 1-3. The components can be tubes, transistors, resis- 
tors, relays, or aggregates of these. 

By definition, a series network fails if only one element 
fails. The probability that a network will not fail is its 
reliability. In the case of a series-connected network, the 
network reliability is the product of the individual com- 
ponent reliabilities. Thus, if the network consists of two 
components in series, as in Fig. 1, and the reliabilities of 
these components are respectively p, and p., the reliability 
of the network is 


P, = pips (1) 


If there are n components in series, the reliability of the 
network is 


‘pr =] Yr | (2) 


t=1 


P, = Pipe -* 


If the component reliabilities are identical, 


P, =p" (3) 


In the case of a parallel-connected network, the network 
reliability is one minus the product of the unreliability fac- 
tors of the components. Thus, for a network of two com- 
ponents, as in Fig. 2, the reliability of the network is 


P, = 1 — igs (4) 


Fig. 4—Short- and open-circuited derived networks obtained 
from original bridge network. 


124 


where g, = (1 — p,) and gq, = (1 — p,). For n com- 
ponents in parallel, the reliability of the network is 


Py = 1 — (aig +++ gn) = 1 -TT (5) 


{=1 


If the component reliabilities are identical, 


P, =1—(1 — py» (6) 
The reliability analysis of the bridge network is more 
complicated than that of the series and parallel-connected 
networks, but can be readily analyzed by means of a reduc- 
tion theorem due to Moore and Shannon. (2) For our pur- 
poses, the theorem may be stated as follows: network relia- 
bility is the reliability factor of any component of the 
network times the resulting reliability with the terminals of 
the component short-circuited plus the unreliability factor 
of the component times the network reliability with the 
terminals of the component open-circuited. 
Let us apply this reduction theorem to the network of 
Fig. 3. We propose to find the reliability of the network 
between terminals A and D. Application of the reduction 


(o/b) = (ab)"' 


o7! 


Fig. 5— Definition of Sheffer stroke element and its logical 
operation. 
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theorem consists in finding the properly weighted sum of 
the reliabilities of the networks (a) and (b) in Fig. 4. The 
reliability is thus 


Pap = pall — (1 — pil — ps) [1 — (1 — pal — py) 
+0 -pi-d-pesi-pel 
The reduction theorem does for reliability theory what 
Norton’s and Thévenin’s theorems do for electrical circuit 
theory. In each case, a complex network is reduced to simpler 
networks which can easily be analyzed. 


Automata Systems 


From Eq (5), it is evident that network reliability may 
be improved by the introduction of redundancy through the 
paralleling of functions. There are, however, in this connec- 
tion two questions of importance. One question is concerned 
with the limiting reliabilities of complex systems and the 
other with the efficiency of possible redundancy measures. 
Significant work in this area has been done by Von Neu- 
mann, because of his interest in complex computing 
machines.(3) Von Neumann undertook a study of the role 
of error in the synthesis of automata systems. By an automa- 
ton, Von Neumann meant a “black box” with a finite number 
of inputs and a finite number of outputs. Each input and 
each output is capable of exactly two states, to be designated 
as the “stimulated” state and the “unstimulated” state, 
respectively. The internal functioning of such a black box 
is equivalent to a prescription that specifies which outputs 
will be stimulated in response to the stimulation of any 
given combination of the inputs, and also the time of 
stimulation of these outputs. 

Von Neumann studied several cases, one of which in- 
volves the construction of machines using as a basic com- 
ponent a Sheffer stroke element. He showed that under 
certain conditions it is possible to combine a number of 
unreliable Sheffer stroke elements to obtain an element 
which acts like a Sheffer stroke element of higher reliability. 
In fact, under certain conditions, one can approach perfect 
operation by means of a sufficiently redundant circuit. 

The Sheffer stroke element is capable of performing the 
three fundamental Boolean operations of negation, con- 
junction and disjunction. This is represented diagram- 
matically in the figures which follow. The first figure (Fig. 
5) defines the Sheffer stroke function. 

We now concern ourselves with the resultant error 
generated by a group of two or more Sheffer stroke elements 
connected to form an automaton. If the probability of error 
in a single basic element is ¢, the final error 8 of the whole 
automaton is 


é>e (8) 


regardless of the amount of redundancy. The reason is that 
the output of the automaton is the immediate result of the 
operation of a single final basic element, and the reliability 
of the whole system cannot be better than the reliability 
of this last basic element. 

To overcome this restriction, Von Neumann proposed that 
the messages be carried simultaneously on a bundle of N 
lines (N is a large integer) instead of just on a single line. 
An automaton would then be represented by a black box 
with several bundles of inputs and outputs, as shown in 
Fig. 6. Instead of requiring that all or none of the lines 
of the bundle be stimulated, a certain critical level A is set, 
0 <A < ¥, such that stimulation of => (1 — A)WN lines 
of a bundle is interpreted as a positive state of the bundle. 
The stimulation of < AWN lines is interpreted as a negative 
state. No interpretation is made for levels of stimulation 
between these values. By suitably constructing the automa- 
ton, the number of lines deviating from the correctly-func- 
tioning majorities of their bundles can be kept at or below 
the critical level AN with arbitrarily high probability. 
This system of construction is referred to as multiplexing. 
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Fig. 6 — Multiplexing with Sheffer stroke elements. 


Fig. 7— A 3 x 3 hammock network. 


Relay and Automata Networks Compared 


Inspired by Von Neumann’s study of automata, Moore 
and Shannon conducted a study of the reliability of circuits 
constructed from relays as the basic components. (2) 

With relays, two kinds of failure are possible. The first 


kind is the failure of a relay contact to close, often due 
to a particle of dust preventing electrical closure. The 
second kind is the failure of the contact to open, usually 
due to the welding action of the current passing through 
the contacts. Moore and Shannon considered relay circuits 
in which the only causes of errors are of these two types— 
failure of contacts that should be closed to be actually 
closed and of contacts that should be open to be actually 
open. Two probabilities are associated with a contact on a 
relay. If the relay is energized, the contact is closed with 
probability a, open with probability 1 — a. If the relay is 
not energized, the contact is closed with probability c and 
open with probability 1 — c. If a is greater than c, the con- 
tact is called a make contact; if a is less than c, it is called 
a break contact. Different contacts are assumed to be 
statistically independent. 

Relays appear to be basically more adaptable to error- 
correcting circuits than the Sheffer stroke elements studied 
by Von Neumann. With Sheffer stroke elements, a prob- 
ability of error less than % is absolutely necessary, and one 
in a hundred or better is required in the specific error- 
correcting circuits studied. The methods of Moore-Shannon 
apply, however, to arbitrarily poor relays. Moreover, there 
are important differences in the amount of redundancy 
required for Sheffer stroke elements and for relays. Thus, 
in an example given by Von Neumann, a redundancy of 
about 60,000 to 1 is required to obtain a certain improvement 
in operating reliability. With relay circuits the same im- 
provement is obtained with a redundancy of only 100 to 1. 

Moore and Shannon introduce the notions of length and 
width to describe network dimensions and study the relia- 
bility properties of networks of the hammock form with 
differing dimensions. For example, Fig. 7 is a hammock 
network of length 3 and width 3. If the individual relay 
probability for this network is a = 1 — c == 1/200, the 
final error probability for the 3 3 hammock network 
becomes 10-*. This reduced error probability is obtained for 
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a redundancy of ¥ to 1. If two such hammock stages are 
used, the redundancy is 81 to 1 and the final probability 
of error is less than 8 X 10°*. By using a ten-by-ten 
hammock network, the error will be less than 2 & 10-** for 
a redundancy of 100 to 1. 

In general, in the range where the Sheffer stroke organs 
require redundancies of 50,000 to 70,000, relays require 
redundancies of only 80 to 120. 

One may speculate as to why the relays should require 
so much less redundancy than appears to be necessary in 
the Sheffer stroke synthesis. In both syntheses two processes 
are involved: (1) duplication of variables (that is, obtaining 
copies of the same variable for use in various parts of the 
computation) and (2) forming logical combinations and 
functions of several variables. In the case of relays, errors 
occur in the duplication of variables. The different contacts 
on a relay are not in exact correspondence with the coil, 
but are subject to statistical error. Logical combinations, 
however, are formed without error; a series combination is 
always a correct AND circuit and a parallel combination 
is always a correct OR circuit. 

In the case of Sheffer stroke elements, the situation is 
different. Any number of duplications of a given variable 
may be obtained by merely branching the line on which 
it appears. These are al! assumed to be identical. However, 
when a logical combination is made of two or more variables 
in a Sheffer stroke element, statistical errors occur, so that 
in each of the variables the statistically unreliable part 
must be checked by a logical operation. Also, a certain 
reliability is necessary with Sheffer stroke elements in 
order to control errors at all, a limitation that is non-existent 
with relays. 


Reliability of Information Transfer 


We now wish to enlarge the notion of reliability beyond 
that of failure of hardware elements. In communication 
systems, the transfer of information from one point to 
another is complicated by the presence of noise at various 
places in the system. Each time a unit of information is 
sent out from the transmitter, an observer at the receiver 
must make a decision about what was transmitted. He would 
have no difficulty in doing this if there were no noise in 
the channel. Difficulty arises because the noise may cause 
the received signal to look like a transmitted signal which 
differs from the one actually transmitted. The observer, 
therefore, decides on the wrong signal, making a decision 
error whose probability is determined by the signal and 
noise statistics in the channel. If we think of the channel 
as a link between the transmitter and the receiver, we 
may then regard the decision error as a link failure which 
persists for the duration of the decision interval. We thus 
have reliabilities with reference to information as well as 
with reference to hardware. 

The probability of correct decision, and therefore of 
communication reliability, can be increased by parallel 
transmission, by simple iteration of messages, or by more 
advanced forms of redundancy called coding. A feature 


Fig. 8— Error correction by parallel transmission. 
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which is common to all these methods is that, under suitable 
conditions of error probability and equipment or code 
complexity, they are capable of creating 100 per cent 
reliability of operation. We shall now discuss each method 
for increasing communication reliability. 

Error Correction by Parallel Transmission. Con- 
sider, by way of example, Fig. 8, representing communica- 
tion channels connected in parallel. Here we have a parallel 
redundancy scheme, but the connection for error correction 
cannot be done as simply as indicated in the figure because 
an error in an element will, in general, not make it free 
to accept a value which is forced upon it by the other 
elements in the parallel arrangement. (4) This condition 
calls for a special connecting element (see Fig. 9). When 
only a single operation is involved, the construction of the 
connecting element, called by Von Neumann the majority 
organ, is rather straightforward. Thus, suppose we wish to 
transmit a pulse or a no-pulse over a communication channel 
and we introduce one extra channel operating from the 
same input. Incorrect operation, it will be remembered, 
consists in calling a pulse a no-pulse or vice versa when 
the reverse is actually the case. If one and only one of the 
channels operates incorrectly, different outputs will be 
produced. There is no way to determine from a single 
experiment which of the two outputs is correct. Suppose 
we now introduce a third channel, so that we have the 
situation of Fig. 9. In that case, a single error can be 
corrected because two of the three outputs will indicate the 
correct result, assuming as before that only one operates 
incorrectly. i 

If the probability of failure for each channel is q, the 
total probability of failure will then be 


3gX1 — g) + 9° = 3q* — 29° (9) 


We can obtain a still lower probability of error by con- 
structing a majority organ which generates the majority 
value of the outputs of a larger number of channels. (4) 

Iterative and Parity Check Systems. The purpose 
in iterating messages is to increase communication relia- 
bility by permitting the formation of majority decisions. 
If, at most, there are single errors in a message, then double 
iteration admits of a correct decision, as was just noted in 
connection with error correction by parallel transmission. 
Furthermore, as the number of iterations increases, it is 
clear that for a given digit probability of error, the 
probability that the majority of digits in a block of iterated 
message digits is in error must steadily decrease. 

There is no question, therefore, about iteration being 
able to improve reliability. However, what we shall now try 
to show is that coding constitutes a more efficient means 
of improving reliability. 

Because of the great interest attaching to the subject 
of error-correcting codes, some background discussion is 
given. The subject of error-correcting codes was formally 
introduced with Hamming’s paper on that subject.(5) Ham- 
ming gave the following as his motivation for the study: 
In large-scale computing machines 


Connecting 
element 


Fig. 9 — Redundancy with connecting element. 
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“|. . a large number of operations must be performed without 
a single error in the end result. The problem of ‘doing things 
right’ on a large scale is not essentially new; in a telephone 
central office, for example, a very large number of operations 
is performed while the errors leading to wrong numbers are 
kept well under control, though they have not been completely 
eliminated. This has been achieved, in part, through the use of 
self-checking circuits. The occasional failure that escapes routine 
checking is still detected by the customer and will, if it persists, 
result in customer complaint, while if it is transient it will 
produce only occasional wrong numbers. At the same time, the 
rest of the central office functions satisfactorily. In a digital 
computer, on the other hand, a single failure usually means 
the complete failure, in the sense that, if it is detected, no more 
computing can be done until the failure is located and corrected, 
while if it escapes detection, then it invalidates all subsequent 
operations of the machine.” 


In transmitting information from one place to another, 
digital machines use codes. Some codes have been designed 
to detect isolated errors. This is called self-checking, which 
merely means that failures do not introduce undetected 
errors. In certain relay-operated machines, run on an 
unattended basis over nights and weekends, errors meant 
that frequently the computations came to a halt. Present 
digital computers operate at electronic speeds, and the basic 
elements are somewhat more reliable per operation than 
relays. However, the incidence of isolated failures, even 
when detected, may seriously interfere with the normal use 
of such machines. Thus, it appears desirable to examine 
the next step beyond error detection—namely, error cor- 
rection. However, we shall begin our discussion with error- 
detecting codes. 

The customer who has a message to send supplies in- 
formation digits which are transmitted unchanged. Periodi- 
cally, the transmitter computes some check digits, which 
are functions of past information digits, and transmits them. 
We may construct a single error-detecting code having n 
binary digits in the following manner: In the first n — 1 
positions we put n — 1 digits of information. In the nth 
position we place either 0 or 1, so that the entire n positions 
have an even or odd number of 1’s. This is a single error- 
detecting code since any single error in transmission leaves 
an odd number of 1’s in a message. Thus, there are k = 
(n — 1) information digits and 1 check digit. The type of 
check used to determine whether or not there is an error 
is called a parity check. If, in the nth position, we place 
either a 1 or a 0, the check is called respectively either 
an even or an odd parity check, depending on the number 
of 1’s. It is important to note that a parity check need not 
always involve all the positions of the message, but may 
be a check over selected positions only. 

Coding for reliability improvement may be thought of as 
an error-correction process. Hamming defines a systematic 
code as one in which each code character has n binary 
digits, of which k carry information, and the remaining 
n — k digits are used for error detection and error correc- 
tion. The n — k digits are called check digits or parity 
check digits. As we have seen, when n — k = 1, it is 
bossible to detect single errors; however, the position of 
the error cannot be found. To do this, more check digits 
are needed. 

e Iteration and Parity Check on the Binary Erasure 
Channel. The question of the efficacy of the iterative and 
parity check coding methods may be brought into sharp 
focus by means of a pedagogical device called the binary 
erasure channels.(6) This channel does not exist in practice, 
but is hypothesized for purposes of illustration and for 
defining an upper bound on reliability performance. The 
binary erasure channel has the transition diagram shown 
in Fig. 10. It is noted that this channel has the property 
that only ambiguous but not erroneous transitions can be 
made. Thus, if either a 0 or a 1 is transmitted, an erasure 
digit “E” or the transmitted digit may be recorded at the 
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Fig. 10 — Binary erasure channel. 
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Fig. 11 — Binary symmetric channel. 


output of the receiver, but not the opposite of the transmitted 
digit. 

The binary symmetric channel, as distinct from the 
pedagogical binary erasure channel, is a practical and 
useful communication channel. Its transition diagram is 
shown in Fig. 11. In all cases to follow we shall compare 
the binary symmetric channel with the binary erasure 
channel. 

That the performance of the binary erasure channel 
sets an upper bound on the performance of the binary 
symmetric channel is readily seen. Consider the case of 
iteration. If we are transmitting over a binary symmetric 
channel, two iterations are needed to correct a single error, 
as already noted. On the other hand, if we are transmitting 
over a binary erasure channel, a single iteration removes the 
ambiguity of a single erasure. 

Let us now see how the parity check principle will 
operate for a binary erasure channel. We shall suppose that 
messages consisting of four binary digits are being trans- 
mitted and that, at most, one erasure can be made in any 
message. Given that the message to be transmitted is 

0101 

what can be done to recover the transmitted message intact 
if a single erasure occurs in the received message? The 
answer is to add a single parity check digit to each message 
and then to transmit messages consisting of five digits, four 
of which carry information, the fifth providing the parity 
check. In the present example, for an even parity check, 
the message is 


01010 


Suppose that at the receiver the message appears as 
O1E10 


The receiver conducts an even parity check over the received 
message, determining that the E should be replaced by a 
0, thus completely recovering the transmitted message. 
Notice the gain in efficiency of the parity check system 
over the method of iteration. To remove single erasures by 
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iteration requires that eight digit intervals would have to 
be assigned to four message digits, since each digit must 
be iterated once. 

e Single-Error Correction in the Binary Symmetric 
Channel. Now consider what happens when we transmit 
a message over the binary symmetric channel. While a single 
parity check digit would certainly make possible the 
detection of the occurrence of a single error, it would not 
be possible to correct it, since a 0 is converted to a 1, or 
vice versa, and there is no way of knowing which digit was 
altered. In the case of the binary erasure channel, a single 
check digit is sufficient to remove a single ambiguity because 
we know where it is. 

To correct a single error in the binary symmetric channel, 
the check digits must be sufficient in number to specify 
one of n + 1 things: whether or not an error occurred and, 
if it did, in which of the n positions it occurred. Hence, 
the number of check digits must satisfy the inequality 


268 >(n+1) (10) 


For example, if the code has n = 7 digits, then (n — k) 
=: 3 digits must be check digits. 

The number of check digits determines the number of 
checking operations which must be performed. The mecha- 
nism for the checking operation is a set of equations com- 
posed of appropriate digits in the message over which addi- 
tion modulo 2 is performed to check for even or odd parity, 
as the case may be. Each checking operation produces a 
binary digit in a number called the checking number. If 
there are (n — k) check digits, the checking number has 
(n — k) digits with the digit.in the extreme right generated 
by the first check equation, etc. Thus, if there are three 
check digits, and the first checking operation yields even 
parity, the second odd, and the third odd, the checking 
number is 110. If the checking equation is chosen properly, 
the checking number, considered as a binary number, in- 
dicates the position of the error, so that the number 110 
indicates that there is an error in the sixth digit. The proper 
choice of checking equations can be determined with the 
aid of a table of equivalents between binary and decimal 
numbers (Table I). The first check is made over those 
digit positions the binary representation of whose position 
number contains 1 in the extreme right, the second check 
over those positions with binary representations having 1 
in the next right, etc. Thus, the first parity check must 
be made over the positions 

ee eS 
the second over 
2:3) 6 Tas 
the third over 
£56 7, 12... 

The only question which remains to be settled is which 
positions are to be assigned to the check digits. It is noted 
that positions 1, 2, 4, 8, ete., occur uniquely in each 


‘Table |—Binary/Decimal Equivalents 


Decimal number 


Binary numbers 


0 
0 
0 
0 
1 
1 
1 
1 
9 


oooocococsoo 
moooccoococo 
OoOrroorro oO 
ororororo 
Brau wnre 


8 


sequence of positions to be checked. Hence, these are 
selected as the check positions. 

Consider the following example. Suppose that it is de- 
sired to transmit the message 1101. Since k = 4, n = 7. 
Symbolically, the message is 2%,%2%,%4%5%_X;. The check 
digits are three in number and are assigned to positions 1, 
2, and 4, the four information digits being assigned in order 
to the remaining positions. We now determine what check 
digits to assign to 1, 2, and 4 by means of the three follow- 
ing parity check equations taken over the positions indicated 
above as appropriate. 


1O0y3O07n0627=210101061 


To make an even parity—i.e., to sum to zero modulo two 
(modulo two addition iri@icated by the symbol @), x, must 
be 1. Next ‘ 


2OynO8yn@n=-2GISIPl 


from which x, = 0. Finally, 


%4OxrOnOG%7=-%4O1SGIVG1 


from which x, == 0. Hence, the complete message, including 
check digits, is 


DiXeLgMeFeFeXr = 1010101 


This message is transmitted, and it will be imagined that 
in transit one of the digits is altered, say x,. Hence, the 
received message is 1011101. The receiver checks parity 


over the same relations used by the transmitter in generating 
the check digits. Thus 


n1On027%6277=10616161=0 


so parity is checked and the first digit on the right of the 
checking number is 0. This second check is 


2O@nOrwrG27=-08186061=0 


Thus the next digit on the right of the checking number is 
0. The third check is 


~u1OrOnrGrz=-1G018G061=1 


This check fails to result in even parity, and the third 
digit in the checking number is 1. Hence, the checking 
number is 100 which is 4 in the decimal system. Thus, the 
digit in the fourth position of the received message is in 
error and is changed from 1 to 0. 

It is of interest to consider what happens in the event 
that two or more errors occur. If more than two errors have 
occurred, they give a location which is usually not that of an 
incorrect digit, so that altering the digit in that location 
will usually cause one new error and cannot cause more 
than one. By adding one additional digit to the message to 
form an even parity check with the n digits of the message, 
one will know when an even number of errors has occurred, 
because the parity check with the additional digit will show 
parity for an even number of errors, but the parity check 
equations for error-correction will show an error. 

e Multiple-Error Correction on the Binary Erasure 
Channel. (6) In view of the fact that we are concerned with 
the subject of the transfer of information, we must, in 
limiting cases, take account of the efficiency of information 
transfer. That is, in devising means to cope with multiple 
errors, we must be careful that the methods we adopt are 
not so inefficient as to drive the useful information rate 
below a useful threshold. Both these conceptions, informa- 
tion rate and probability of error, are embodied in the 
central theorem of information theory, the Noisy Channel 
Coding Theorem of Shannon.(7) This remarkable theorem 
states that by sufficiently involved coding, information may 
be transferred over a noisy communication channel with 
vanishingly small probability of error at a rate not exceeding 
the capacity of the channel, provided the message is in- 
finitely long. This is an existence theorem. We are not told 
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how to reach the limiting rate, but only that it can be 
reached. The fact, however, that it is possible in principle 
is encouraging and has led to the introduction of ingenious 
methods for approximating the limiting rate. 

We shall now discuss a method for approximating the 
theorem, beginning with its application to the binary erasure 
channel. Since the method combines the iterative and parity 
check coding methods of error correction, we shall refer 
to it as iterative coding. The method is tested to see if: (1) 
the probability of error can be made vanishingly small and 
(2) to see if the information rate can be made non-zero 
under condition (1). 

Demonstration that Iteration is Insufficient. If the average 
number of erasure digits is 1 per message, more than this 
number may occur, and thus it is necessary to employ 
multiple error-correction codes. Suppose the number of 
erasures is two per message. If n == 3, double erasures 
may be restored by sending one information and two check 
digits: that is, by iterating the first digit twice, but all 
double erasures cannot be removed by using two extra digits 
for n = 3. At most, 2"/(n + 1) different messages of 
length n can be distinguished after any two erasures. For 
n> 3, 


29/(n + 1) < 20 (11) 


where 2("-2) is the number of sequences which can be trans- 
mitted with (n — 2) bits per message, and thus more than 
two check digits are needed to correct two erasures. 

In general, we cannot remove (n — k) erasures and have 
2("-k) different messages for any k > 1, except for the trivial 
case of n = k +- 1; that is, for k-fold iteration which results 
in the rate R = 1/n approaching zero as n — oo. Hence, 
iteration is inadequate as far as rate is concerned. 

Probability of Error and Information Rate in the Binary 
Erasure Channel with Iterative Coding. Suppose messages 
are being transmitted over the binary erasure channel by 
means of a single erasure-correcting code (single parity 
check.) Let us arbitrarily choose the per-digit probability 
of erasure to be (1/2n,), where n, is the length of a block 
of digits. That is, at the receiver the erasure expectancy per 
block is n,pyp = E, = %, of which n,poqo("71) = (%) 
qo("z) are contributed by single erasures. Single erasures 
may be corrected by a single parity check, so that the resi- 
dual number of erasures is 


DD ety < Mm LL 
E = 3-se) <> =4 (12) 


The new average erasure probability per digit is 


(13) 


We next encode in blocks of length n, = 2n,, with an 
erasure expectation of 144 per block of n, digits. That is, 
mp, = 2nipe = Mo =} (14) 
The second computation of erasure expectation is valid 
only if the symbols checked the second time have statistically 
independent average error probability p,, since only then 
is it correct to compute the expectation from the binomial 
probability of a single erasure per block. It is presumed, 
therefore, that the n, digits are in different first order blocks 
of n,. After r repetitions of this coding procedure, the resi- 
dual erasure probability is p,2-*. We see that as r -> ©, the 
residual erasure probability approaches zero. 
The information rate is the fraction of message symbols 
which are not check digits. For the first check, the rate is 


ho <)fu = (1 -1) (15) 


For the second, 
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= (0-2-4) 


For the r, 


l, “TIC -+) -TTa — 2pp - 27") 


Therefore, 


r 
I,>1— >} 2p27> 1 — 4p 
1 


for all r. Hence, the limiting information rate is 


I~ = 1 — 4po (19) 


which, for p») << 1, the usual case, is clearly non-zero. 

EXAMPLE: Consider the following example of the error- 
correction procedure in the case of the binary erasure 
channel. Assume a long message with blocks n, of length 
5 digits. Every fifth digit will be considered a parity-check 
digit to be used in the first-order check. We arrange the 
message in a two-dimensional array as shown below, up to 
the second-order check digits. 


ry = 5 A 
(1) 2 La Zs La Zs 
Ze Lr Zs Zo 
(3) Xs Tu 
(4) X17 Zs Tig 
(5) Ie Ie 4 
tn r28 729, 
(7) a Tas ru 
(8) ee Zn Zag 9 


(9) Ta Za2 Za Tu 


(1) (2) (3) (4) 


(10) Ta Za Tas Ta 


The first-order check is made on successive rows with the 
parity check digits (underlined) assigned for even parity 
check. The second-order check is made on successive columns 
with the parity-check digits (doubly underlined) also as- 
signed for even parity checks. It is noted that, by arranging 
for the checks to be made in this way, statistical inde- 
pendence for each order of checking can be guaranteed. 
The next order of checking would be made at right angles 
to this page. In general, the checks are made in hyperspace. 

Let us now assume that this message, when received over 


hy ! 


Cneet, 


Information 


Fig. 12 — System for performing first and second order checks. 
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the binary erasure channel, is as follows 
——— ——— ny = 5 — 


(1) x Ze Zs E Zs 


(2) 2 E Zs E Zo 
(3) E Tie Zs ru 
(4) E Zs 2 
(S) am Tr Ie Tu 
(6) as E Ze Ie 
(7) am In E ru 
(8) =X In E E 
(9) E Lee Las Zu 
(10) 2a E Tes Zep 


(1) (2) (3) (4) 


Checks can be made on any row or column, in any order, 
beginning with those that have a single erasure digit only. 
The order followed here is indicated by the representation 
r(i), c(j) for row i and column j. 

Thus, we see that 9 out of 13 erasures can be removed 
merely by single parity checks taken in two dimensions. 
Single-parity checks taken in a third dimension at right 
angles to the first two would remove the remaining four. 

@ Maultiple-Error Correction on the Binary Symmetric 
Channel. As might be suspected, for the binary symmetric 
channel, the coding procedure is an iteration of simple error- 
correcting and detecting codes of the Hamming type. Any 
other systematic codes such as those of Reed (8) and 
Muller (9) may be iterated in the same way. The procedures 
are not ideal; that is, the capacity of a noisy channel for the 
transmission of error-free information using such coding is 


smaller than information theory says it should be. However, 
the procedures do permit for transmission of information 


at a positive rate, and they have two properties: (1) the 
codes are systematic—that is, the transmitted symbols are 
divided into information and check symbols; and (2) the 
error probability of the received messages is as low as 
desired. 

The Hamming error-correction code will correct single 
errors so that, if initially the expected number of errors is 
N,Po, it will be n,p, after error-correction, a smaller number 
with p, < po. The single-error correction, double-error detec- 
tion code will leave error-free blocks alone, will correct 
single errors, will not alter the number of even errors, and 
may increase the number of errors by at most one when it 
is odd and greater than one. 

After the receiver completes the first-order check, it dis- 
cards the (n, — k,) check digits, leaving only k, checked 
information digits, with a reduced error probability p, per 
position. Some of the checked digits are made use of for 
further checking, again with a Hamming code. The receiver 
divides the checked digits into blocks of n, and the (n, — k.) 
checked check digits in each block enable it, again, to 
correct any single error in the block. To reduce the expected 
number of errors per second-order block, it is necessary to 
select the locations of the n, digits properly. One cannot 
choose several first-order blocks of k, adjacent checked in- 
formation digits as a second-order block and expect this to 
work, for if there are any errors at all left in this group of 
digits after the first-order checking, there are certainly two 
or more, and the second-order check cannot correct them. 
That is, as noted in the case of the binary erasure channel, 
it is necessary for the n, positions included in the second- 
order check to have statistically independent errors after 
the first check has been completed. This will be true if, and 
only if, each position is in a different block of n, adjacent 


130 


Table li—Positions and Order in which 
Checks are Made 


RQQQaggeeea 
ANN eH NHN HP 


symbols for the first-order check. 

Independence can be insured by putting each group of 
n, X N, successive symbols in a rectangular array, checking 
each row of n symbols by means of (n, — k,) check digits, 
as illustrated in Fig. 12. The transmitter sends the k, in- 
formation digits in the first row, computes the (n, — k,) 
check digits and sends them, and proceeds to the next row. 
This process continues down through k,. Then the trans- 
mitter computes the (n, — k,) check digits for each column 
and writes them down in the last (n, — k,) rows. It trans- 
mits one row of the (n, — k,) rows at a time, using the 
first k, of the positions in that row for the second-order 
check, and the last (n, — k,) digits in the row for a first- 
order check of the second-order check digits. ooo 


Cited References 


1. “Increasing the Reliability of Electronic Equipment by the Use 
of Redundant Circuits,” C. J. Creveling, Proc. IRE, 1956, 44, 
509. 

; “Reliable Circuits Using Less Reliable Relays,” E. F. Moore 
and C. E. Shannon, Part I, J. Franklin Inst. 262, pp 191-208; 
Part II, 262, pp 281-297, 1956. 
“Probabilistic Logics and the Synthesis of Reliable Organisms 
from Unreliable Components,” J. Von Neumann, in Automata 
Studies, C. E. Shannon and J. McCarthy, eds., Princeton Univ. 
Press, Princeton, New Jersey, 1956. 

. Automata of High Complexity Information and Control, Lars 
Léfgren, Academic Press, pp 127-147, May 1958. 

. “Error Detecting and Error Correcting Codes,” R. W. Hamming, 
BSTJ, 29, 147, 1950. 

. “Coding for Noisy Channels,” P. Elias, JRE Convention Record, 
Pt. 4, pp 37-46, March 1955. 

. The Mathematical Theory of Communication, C. E. Shannon 
and W. Weaver, The University of Illinois Press, Urbana, 1949. 

. “A Class of Multiple Error-Correcting Codes and the Decoding 
Scheme,” I. S. Reed, Trans. PGIT, IRE, Vol. 4, 1954, p 38. 

. “Metric Properties of Boolean Algebra and Their Application 
to Switching Circuits,” D. E. Muller, Report No. 46, Digital 
Computer Laboratory, Univ. of Illinois, Urbana, III. 


suaees . 
Suneee 


ios ip 


“Gene seseuseeessueus” 


Some of the principles upon which this article is based 
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e Logic—and Switching Circuits—April 1960 
: Number—The Language of Engineering—October 
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e Network Analysis—January 1960 
e@ Network Synthesis—January 1961 
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“<* Insulation System 
for 350 C Wafer-Coil Transformers 


Design parameters are met by use of inorganic 
interlayer insulation, aluminum foil conductors 
and aluminum oxide potting material. Tech- 
niques are described and comparative perform- 


ance data for various materials are tabulated. 


BERNARD L. SAWYER 

Transformer Development Engineer 

Sytvania Exectric Propucrs, Inc. 

Subsidiary of General Telephone & Electronics Corp. 
Ipswich, Mass. 


THIS REPORT DISCUSSES the results of an investigation 
of electrical insulation and associated elements of the 
materials system in transformers utilizing the laminar 
configuration of wafer coils in their construction and 
intended for operation at 350 C.* The wafer process 
consists of laminating a conductor foil, usually alumi- 
num or copper, with an insulating sheet wetted with resin 
and winding this laminate on an arbor to the desired 
number of turns. After this winding is cured, it is cut 
into wafers. In order to eliminate edge shorts, these 
wafers are acid etched and they are then ready for core 
assembly and coil finishing. Figures 1 and 2 illustrate 
typical constructions. 


insulation Problems at High Temperatures 


On setting out to design a transformer (or other com- 


*The work was performed by Sylvania Electric Products Inc. under Navy Bu- 
reau of Ships Development Program NObsr-77550. 
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Fig. 1—Typical of the wafer-coil techniques used for audio, 
filament and pulse transformers is this assembly for a 350-C 
audio transformer. 


ponent or device) to operate at high temperatures, our 
dependence on organic materials for the construction of 
conventional units is pointedly brought to light. Units 
that are to have long lives at 350 C cannot use the familar 
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Fig. 2—Wafer techniques applied to a filament transformer. 


organic insulating materials such as polyester film, poly- 
vinyl formal magnetic wire, fluorocarbons, etc. 

The wafer configuration, however, does allow the con- 
sideration of thin inorganic sheet materials for interturn 
insulation, although these inherently weak materials would 
not be practical for insulating around wires. Studies of 
both commercially available and specially developed ma- 
terials were undertaken. 


Evaluation of Commercial Insulating Materials 


There are several types of inorganic insulating sheet 
materials that are commercially available. Although these 
materials are in general relatively fragile, they can be 
used in wafer construction without undue difficulty. The 
materials tested are described in Table I. 

Test samples were placed between two stainless steel 
probes 24% in. in diam and 1% in. high with polished 
contact faces and edges rounded with 14 in. radius. In- 
sulation resistance was measured at 100 volts d-c. Table 
I presents the data recorded from life tests at 350 C. 

The two mica papers (a) and (b) were found to be 
the best of the group from an overall consideration. They 
have the best insulation resistance and voltage break- 
down and suffer the least degradation of mechanical 
properties after heat aging. The microfiber glass papers 
(although not as good as the mica papers) are more 
than adequate. Their principal advantage lies in space 
savings. The 0.6-mil paper tested is the only insulation 
available with less than 1 mil thickness, except anodized 
aluminum. 

Anodized aluminum exhibits fine insulating proper- 
ties at 350 C. Although sample transformers were con- 
structed using this insulation, this material was not used 
in final units. This was because of the difficulty experi- 


132 


Table | — Insulation Resistance of 350 C 
Transformer Inorganic Insulation 


Megohms, 
350 C 


Megohms, room 
temperature 


Material | Ohr | 2000hr; Ohr 


Mica paper, silicone 
resin* 

Mica paper, silicone | 
resin® |>1000 

Microfiber glass-paper, 
TFE fluorocarbon 
resin® 

Microfiber glass-paper, 
TFE fluorocarbon 
resin® 

Silicone-varnished glass 
cloth® 380 


Anodized aluminum! 260 


> 1000 


>1000 |>1000 


> 1000 250 |>1000 


>1000 |>1000 /|>1000 1000 


>1000 400 835 
>1000 260 1000 


*Mica paper composed of overlapping platelets of mica bonded together with 
a silicone resin; thickness, 1.0 mils. (Mica Insulation Company TI-9 Isomica.) 

>Similar to mica paper described in (a) with 1.5-mil thickness. (TI-15 Isomica.) 

A microfiber glass paper impregnated with TFE fluorocarbon (polytetrafluoro- 
ethylene) resin. The paper is porous with a maximum pore size of 48 microns; 
thickness, 0.6 mil. (American Machine & Foundry Company T5A90.) 

A non-porous microfiber glass paper impregnated with TFE-fiuorocarbon resin ; 
thickness, 1 mil. (AMF T10G6N. 

*Silicone-varnished glass cloth; a woven glass cloth impregnated with silicone 
varnish. Thickness, 2.5 mils. (Huse Liberty Mica Company.) 

fAnodized aluminum foil; 1.5 mils total thickness. TPecmalicsten, Inc.) 


enced in making terminal connections to the thin ano- 
dized foils. 

The silicone-varnished woven glass cloth is the poorest 
of the group electrically. It is also the most fragile after 
temperature aging. The poor electrical results coupled 
with the large thickness limits the usefulness of this 
material. 

The commercial materials chosen for actual immedi- 
ate use in the construction of the 350 C transformers 
were the microfiber glass paper with TFE-fluorocarbon 
impregnation and the two mica papers with silicone resin 
binder. The glass paper was used in windings requiring 
thin foils 0.001 in. and 0.002 in. to improve space 
efficiency. The mica papers were used with the thicker 
foils. Comparative test data appear in Tables I and II. 


Specially Developed Insulation 


Although the mica and glass papers proved more than 
adequate for insulating materials, they have certain de- 
ficiencies. They have relatively poor wet strength, are 
quite thick compared to insulating sheet used at normal 
temperatures, and are very expensive compared to stand- 
ard insulations. 

To overcome these difficulties, an insulation develop- 
ment program was initiated. The most promising result 
of this investigation is a silicone resin-refractory filler 
and aluminum phosphate-refractory filler spray coatings. 

Two typical spray formulations are: 

a. 900 mesh aluminum oxide (Norton), 1 part by weight 
silicone resin (SR-32 General Electric), 1 part by weight 
thinned to 20 sec viscosity (Zahn #2 cup) at 25 C. Ball 
milled 3 hr. 

b. 900 mesh aluminum oxide (Norton), 3 parts by weight 
aluminum phosphate (Monsanto), 1 part by weight dis- 
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tilled water, 3 parts by weight thinned to 19 sec viscosity 
(Zahn #2 cup) at 25 C. 


Insulating films are formed by spraying or roller 
coating the suspension on the conductor foil. After the 
coated foil is cured, it may be wound in the normal 
manner. Successful films down to 0.00025 in. thickness 
have been achieved that will withstand the standard 
wafer processing of winding, cutting, acid etching, etc. 

Perhaps a more meaningful test than voltage break- 
down and insulation resistance performed on flat sarnples 
of materials is a measurement of Q. The Q-test samples 
were made identical to transformer wafers; thus, the 
tested materials underwent the required production proc- 
essing. The fact that the insulation is not under great 
voltage stress during test is not unrealistic since normal 
turn-to-turn voltages for wafer transformers are very low. 

Except where otherwise noted, the test samples con- 
sisted of 40 turns of 0.002 in. x 3 in. aluminum foil 
laminated or coated with the insulation to be tested, 
passed through a silicone resin bath, wound on a 34 x 34 
in. arbor, and cured. The windings were then cut into 
1% in. wide wafers and were subjected to the standard 
processes of acid etching, rinsing, drying, arbor removal 
and glass-cloth mummy wrapping. 

The resulting wafer coils were then tested on a Boonton 
Radio Q Meter, using a jig to insure uniformity of lead 
spacing. All readings were taken at a frequency of 2.5 
me, except for the anodized aluminum wafers which were 
taken at 1.85 mc. The Q readings were taken initially 
at room temperature and at 350 C. After the samples 
were aged at 350 C for 600 hr, the room-temperature Q 
readings were repeated. The results of this test are given 
in Table III. The high initial Q readings indicate that 
all of the materials tested successfully withstand the 
normal wafer manufacturing process. 

Although all the materials are operable after 600 hr 
at 350 C, the class of insulations least affected by the 
high-temperature aging were the silicone-resin inorganic- 
filler spray formulations. The other insulations average 
an initial 35 per cent decrease in Q on heating to 350 
C and a 24.5 per cent decrease in room-temperature Q 
reading after aging. The filled resin insulations average 
19 per cent and 5 per cent decrease under the same 
conditions. 

Enough metal foil was coated with aluminum oxide- 
silicone resin to allow the construction of two audio 
transformers. These units were compared for hot and 
cold operation before and after 350 C aging with units 
constructed of mica paper and microfiber glass insulating 
materials. There was no significant difference in the 
electrical test results of the units. The units using the 
sprayed coatings were fully as good as the other units 
while allowing some size reduction due to the thinner 
coating. The sprayed coating, however, was not used in 
the final construction owing to the difficulties in hand 
spraying and processing long lengths of foil. A roto- 
gravure foil coater capable of continuously coating foil 
to thicknesses of 0.00025 in. and less is now being built 
for this operation. 


Conductor Materials 


In order to determine the optimum conductor material, 
the effect of 350-C temperature aging on the resistance 
of the following metal foils was investigated: 
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0.002 in. copper 

0.002 in. silver-clad copper 

0.003 in. aluminum-clad, silver-plated copper 
0.002 in. silver 

0.002 in. aluminum 

0.0015 in. anodized aluminum 


The test samples consisted of 34-in.-wide wafers wound 
with approximately 100 ft of foil using 0.0025 in. sili- 
cone-varnished, woven glass-cloth interturn insulation. 
Resistance readings out to 1500 hr are listed in Table 
IV. Since the resistance of aluminum is unaffected by 
long-term aging at 350 C and the metal has significant 
cost and weight savings over silver, it was chosen for 
the conductor material. 


Silicone Adhesives 


It was decided early in the program that a silicone 
resin would be required to laminate the insulating sheet 
to the metal foil during the winding process, also to 
face-coat the cut wafer after acid etching. Although the 


Table Il — Voltage Breakdown of 350 C 
Transformer Inorganic Insulation 


Volts /mil, 
350 C 


Volts /mil, room 
temperature 


Material* 0 hr 2000 hr} 0 hr 


2000 hr 


Mica paper* 660 460 
Mica paper> 1090 650 
Microfiber glass paper® 475 280 
Microfiber glass paper 455 255 
Silicone-varnished glass cloth*| 270 140 
Anodized aluminum‘ 325t 240t 


*See footnote to Table I for identification of materials. 
tTotal voltage at breakdown. 


Table Ill—Q Readings for 350 C Transformer 
Inorganic Insulation 


0 hr 600 hr 


20 350 | %de- 20 
Material* Cc crease Cc 


% de- 
crease 
Mica paper* ‘ 38 65. 
Mica paper” i ‘ 34 68. 
Microfiber glass paper* ; . 28 59. 
Microfiber glass paper : ; 33 62. 
Silicone-varnished glass 

cloth® .0 ; 32 52. 
Anodized aluminum! .0 : 38 57. 
Aluminum oxide- silicone 

resin ; ‘ 11 48. 
Ground mica-silicone resin : ; 10 53. 
Silica-silicone resin ‘ é 8. 56. 
Silica-aluminum phosphate : ; 36 77. 
Aluminum oxide-alumin- 

um phosphate ‘ ° 29 Fes 


*See footnotes to Table I for identification of materials (a) through (f). 





Table IV — Resistance of Conductor Materials in 
Ohms Initially and after Aging at 350 C in Air 
Measured at 25 C 


Conductor | 0 hr 600 hr 1500 hr 
Open 
6.772 
0.899 
1.170 
1.106 
0.927 


Open 
5.164 
0.731 
1.201 
1.117 
0.910 


Copper 

Aluminum-clad copper .120 
Silver-clad copper .718 
Silver .149 
Aluminum .150 
Anodized aluminum 


| 


Table V—Adhesion and Breakdown Tests on 
Silicone Resins after Aging at 350 C for 150 Hr 


Breakdown at 


Peel strength, gm 100 volts d-c 





Silicone resin* 0 hr 150 hr 


SR-17 
50% solids 350 
SR-32 
60% solids 550 


Passed 
Passed 


800 Failed Failed 


35% solids 300 Failed 
DC-996 
49% solids 680 950 
DC-997 
49% solids 690 
DC-R7501 
100% solids 700 1000 
DC-R7521 
100% solids 700 700 


Failed 





Failed Failed 


Passed 


Failed | 


Passed 


*SK resins, General Electric Company; DC resins, Dow Corning. 


feeling prevailed that probably any high solids-content 
silicone resin would be adequate, an investigation was 
initiated to find the particular resin with the best tem- 
perature capabilities for this application. The results of 
the tests are given in Table V. 

The results indicate that, of the resins tested, General 
Electric’s SR-17 and SR-32 are the most suitable resins. 
Other resins that passed the tests were not used because 
of their relatively long cure cycle and the tendency for 
the cure to become air inhibited. 


Aluminum Oxide Powder Potting 


A comparison was made of the three possible methods 
of potting the transformer in the gas-tight, stainless 
steel case—gas fill, potting cement or dry powder. Model 
transformer assemblies were made for shock and high- 
frequency testing. It was decided as a result of these 
tests that a reliably rugged unit would require some form 
of potting material that would firmly lock the trans- 
former assembly within the case. 

The units filled with aluminum oxide powder were 
much superior to those potted with a commercial potting 
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cement. There was no difficulty with any of these units 
during 50-g shock tests or high- and low-frequency 
vibration tests. There were also no apparent resonant 
effects during the high-frequency vibration tests. Several 
of the gas-filled and cement-potted units developed opens 
or shorts during these tests. 

A 10 per cent reduction in weight in the filament trans- 
former is gained by the use of Al.O; instead of a 
potting cement. No significant difference in heat rise 
between units using each of these materials was noticed. 

All final units were filled with aluminum oxide powder. 
Two filler holes about 34 in. diam were supplied in each 
can. Then 900-mesh alumina, 99.7 per cent minimum 
purity, acid washed and iron free, was poured through 
these holes while the can was being vibrated. When the 
can was filled, caps were silver-brazed over the filler 
holes. Units that had undergone the complete assembly 
process were torn down and it was discovered that the 
powder did an exceptional job of packing into all voids 
and crevices. This packing effect, coupled with the dis- 
continuous or particle nature of the medium (which 
would tend to damp out transient vibrations), probably 
accounts for the excellent shock and vibration test results. 

The ultimate internal breakdown value of the trans- 
former would then be approximately that of the gas 
permeating the voids between the alumina particles. For 
the filament and audio transformers, the residual air at 
a pressure of 1 atm abs at room temperature was suff- 
cient to withstand the specified breakdown of 1000 volts 
rms. To provide a safety factor for the pulse transformer, 
which was required to withstand a 5000-volt breakdown, 
the can was filled to 2 atm abs at room temperature. 


Core Materials 


No particular problem was presented with core ma- 
terials. Based on the results of other research as reported 
in the literature in the past two years, grain-oriented 
silicon steel is the best choice for the 350-C temperature 
range. 


Summary 
All three types of transformers have successfully com- 


pleted MIL-T-27A, 2500-hr life test conducted at 350 C 
and associated environmental and electrical requirements 
such as: 


50 gravitational units shock test 

High-frequency vibration, Method 204 of MIL-STD-202 
Operation over temperature range of —55 to +250 C 
Dielectric strength and insulation resistance at 350 C 
Thermal shock 

Humidity. 


Many of the techniques and materials developed dur- 
ing this investigation are expected to be useful in the 
design of wafer transformers for 600 C operation. The 
opportunities for capitalizing on the laminar construc- 
tion may be still more striking at the higher tempera- 
ture ranges. ooo 
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NETWORK SYNTHESIS 


Some Notes on the Synthesis of RLC Transfer Functions 
and Constant-Resistance All-Pass Lattice Networks 


LOUIS WEINBERG 
HUGHES RESEARCH LABORATORIES 
Malibu, California 


In the January 1961 issue of ELEcTRO-TECHNOL- 
ocy, Dr. Weinberg, in his Science & Engineer- 
ing Series article “An Introduction to Network 
Synthesis,” presented the basic principles of net- 
work synthesis, the so-called insertion-loss theory 
or exact network design, which has been developed 
in the past two or three decades. Equations for 
terminated networks and a description of network 
configurations and network types were given. Dr. 
Weinberg discussed some basic network structures 
and networks synthesized by recognition and re- 
alizability conditions. Among the synthesis pro- 


Synthesis of RLC 


For many applications, a lossless coupling network 
terminated in a resistance is the desired form of network. 
For these problems the synthesis of an RLC transfer func- 
tion reduces essentially to the realization of an LC 
function. Consider a given Z,, == p/q, for which we wish 
to realize a grounded lossless network terminated in 
resistance. Since, by identification with the terms in Eq 
(6),* p must be the numerator of the z,, of an LC network, 
it must be an even or odd function of s. Suppose it is 
even; using m and n to represent even and odd parts, 
respectively, we have 


™m 
Me + Ne 


Z. a> (98) 


Now divide numerator and denominator by n, to obtain 


m/ne 


fn we 
"1+ m/m 


(99) 
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cedures described were the RC and LC driving- 
point functions and transfer functions. 

The following notes on the synthesis of RLC 
transfer functions and constant-resistance all-pass 
lattice networks will round out the picture some- 
what, although the subject is far too great and 
extensive to be completely covered in any single 
article. The Cited References (see page 104, 
ELECTRO-TECHNOLOGY, January 1961) will pro- 
vide much additional information both for the 
January Science and Engineering article and the 
following addendum. 


Transfer Functions 


With the aid of Eq (6), 


Za = = 22 = —_ 

M ™ 

This pair of functions is realizable since the ratio of the 

even and odd parts of a Hurwitz polynomial forms a 
reactance function. 

Now, depending on the location of the zeros of m,, 
different procedures are available for synthesis of the net- 
work. If the zeros of m, lie only on the j axis, a ladder 
network may be obtained by the zero-shifting procedure. 
(22)* If there are zeros in the right-half plane (but not 
on the positive real axis), the technique of paralleled 
ladders may be used. (24) Finally, for zeros anywhere 
(p still even or odd, as required by the stipulation of the 
network form), a lattice may be used in the intermediate 


(100) 


* See January issue of E.ectro-TEcHNOLOGY, p 87; also Cited References 
on p 104, same issue, for italic-numeral references. 
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Fig. 35—Network realizing the transmission coefficient given 
by the third-order Butterworth function. 


step for realizing a grounded network containing only 
one transformer. (26) 

A network form that is required even more frequently 
is the lossless network terminated in resistance at both 
ends. Here it is most convenient to use the equations that 
have been derived in terms of the transmission coefficient 
t(s) and the reflection coefficient p(s). Given a desired 
t(s) we determine |t(jo)|? and then |p(jw)|?. From the 
latter, p(s) is chosen, where the zeros may lie anywhere 
in the complex plane. By use of the inverse transformation 
of that given in Eq (13),* namely, 


l—p 
1 = rz (101) 
we can determine the input impedance of the network 
faced by the generator resistance, which is assumed here 
to be normalized to one ohm. 

Now, if the original t(s) is of the simple form of a 
constant divided by a polynomial, the Z, can be expanded 
in a continued-fraction expansion about infinity to yield a 
lossless ladder network terminated in a resistance, where 
the series arms of the ladder are inductances and the 
shunt arms are capacitances. In the continued-fraction 
expansion, it is required that two terms drop out in each 
step of division, but this is guaranteed by the form of t(s). 

As an example, we realize the maximally flat (Butter- 
worth) magnitude characteristic 


* See January issue of ELEcTRO-TECHNOLOGY, p 87. 


. 1 
| jo) |? = 7 (102) 


for n = 3 by a lossless network terminated in a one-ohm 
resistance at each end. Using Eq (14),* we obtain 


| piu) |? = (103) 


which yields 


nai aii niet 
As) = 3+ 28 +2841 


We can now obtain the input impedance Z, as 


* 2s? + 28 +1 

2s? + 2s? + 28+ 1 
A continued-fraction expansion of the reciprocal of Z, 
yields 


(104) 


Zh (105) 


2s? ++ 2s +1 | 


We therefore have 


y= 
s+ : 
eb: cal 
+5 


and the complete network is shown in Fig. 35. 

For extensive applications of this procedure yielding 
tables of element values for useful networks, the reader 
is referred to the literature. (27-29) In these papers the 
useful characteristics of the maximally flat magnitude 
(Butterworth), the equal-ripple magnitude (Tschebyscheff), 
and the maximally flat time delay (Bessel polynomial) 
are considered. The networks are given for a wide range 
of ratios of the resistance terminations. 


Constant-Resistance All-Pass Lattice Networks 


As was derived previously in Eq (35)+ for the constant- 
resistance all-pass lattice, the transfer impedance is given 
by 

. 1 — jX.(w) 
th) = TF TR Le) 


Such a function clearly has a unit magnitude and a phase 
given by 


(106) 


B = —2 tan"X, (107) 
Thus, the choice of the reactance function determines 
the phase. 
Another way of describing a rational function with the 
all-pass property is to specify that a zero exists at the 
negative of each pole. We thus have 


~ %-5) 
Zn(s) q(s) (108) 
_ ms) — rs) 
m{s) + n(s) 
where g(s) is a Hurwitz polynomial whose even and odd 
parts are given respectively by m(s) and n(s). 
If we now divide numerator and denominator of the 
right side of Eq (108) by m(s), we have 


Zu(s) = 1 — n(s)/m(s) 


I + n(@)/m(s) (109) 


We thus see that 


n(s) 
7" e m(s) 


is the reactance function that must be realized. Conse- 
quently, the complete procedure for the realization of Z,, 
reduces to the realization of Z, by any of the procedures 
that have been discussed; and then, since, as given pre- 
viously in Eq (30), 


(110) 


ZaLZy = 1 qall 


we can realize Z, by the simple process of drawing a dual 
network. 

Using this procedure, tables of element values have 
been prepared (30) for lattices with a maximally flat time 
delay. These networks prove useful for a number of 
applications. O00 


t See January issue of Execrao-Tecunoiocr, p 92. 


REPRINTS OF THIS ARTICLE ARE AVAILABLE. Circle 
No. 945 on the Reader Inquiry Service Card at end of 
book to get your copy. 


ELECTRO-TECHNOLOGY 





SC 36.0.5 
SC 36-1 
SC 36. 


Dc bc 
OUTPUT} OUTPUT 
VOLTS AMPS. 


0-36 
0-36 


o 
a 


SC 3672-0.5| 36-72 


SC 3672-1 


PSC 5-2 
PSC 10-2 
PSC 15-2 
PSC 20-2 
PSC 28-1 
PSC 38-1 


HB-2 
HB4 
HB-6 
B-8 


SR 12-50 
sR 28-50 
SR 48-30 


SM 14-30 
SM 36-15 
SM 75-8 
M 160-4 
SM 325-2 
SM 14-15 
SM 36-10 
SM 75-5 
M 160- 
SM 325-1 
i4- 
SM 36-5 


M 160-1 
SM 325-0.5 


* 0.01% REGULATION AVAILABLE 


36-72 


0-7.5 


0-5 
0-2 
0-1 


0-325 0-0.5 


REGU- 


LATION 


VOLTAGE 
REGULATED 
DC POWER 
SUPPLIES 
KEPCO 


MODEL HB-6M 


COMPACTNESS 


G97 


oe 


= 
MOUNTED IN RACK ADAPTER RA-2 


WIDE VARIETY 


MODEL 400B 


DC 
OUTPUT 


T' 
MODEL VOLTS 
800B |#1 0-600 
#2 0-600 
Parallel 

1&2 
0-600 | 
Series 1&2 
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A Proportional Logic System 


WILLIAM H. PRICE, II 
Senior Engineer 
Armpax Execrronics, Inc. 
Milwaukee, Wis. 


SINCE DIGITAL computation techniques 
differ markedly from those used in ana- 
log systems, a combination of both in 
the same contro] system would seem to 
result in a conflict of command signals. 
There comes a time, however, when a 
process is of such a nature that the 
logic functions of digital techniques 
and the proportional functions of ana- 
log systems must be combined to exer- 
cise adequate control. 

For instance, material moving 
through a mill into a pattern printer 
must be kept straight so as to assure 
proper registration of the pattern. 
There are four conditions of misalign- 
ment which can be corrected by the 
drive system. The first is positive skew, 
which is defined as the right edge lead- 
ing the left, or reference, edge. The 
second is negative skew, the right edge 
lagging the reference edge. The third 
is positive bow, the center leading both 
edges; and the last is negative bow, 
the center lagging the edges. 

The presence of each of these mis- 
alignment conditions can be derived 
from the relationship of four frequen- 
cies which are the respective outputs of 
transducers sensing material velocity 
and direction at precise locations. Since 
changes in overall process speed affect 
all of the transducers equally, there is 
no error signal generated and the sys- 
tem operation is independent of process 
rate. 


The accompanying logic table lists 


Logic of Misalignment Conditions 


the four conditions of misalignment in 
terms of frequency and the resulting 
command signal necessary to provide 
corrective action by the servo motors. 
Since a misalignment in only one small 
portion of the material, which results 
in an error signal in X or Y but not 
both, cannot be corrected by the drive 
used, a single error signal cannot be 
allowed to introduce any servo correc- 
tion. This is shown in the final two 
conditions of the table. 

The system described in the logic 
table is a two-dimensional servo which 
has two error signals and two outputs. 
In such a system, it is difficult to define 
what is meant by proportional, since 
either output is a function of both in- 
puts and, in this case, both outputs 
cannot occur at the same time. A 
graphic representation must then be 
three dimensional, as there are three 
variables; error signal X, error signal 
Y, and the output. Proportion must then 
be restricted to the situation when the 
output can occur as defined in the 
logic table. During this time it is de- 
sired to have the output proportional 
to the sum of the input error signals. 

The first problem, naturally, is to 
convert the four variable frequency in- 
puts into usable d-c signals which could 
be summed algebraically. This is ac- 
complished by using a saturating trans- 
former with diodes to rectify the trans- 
former output. One of the characteris- 
tics of a _rectangular-hysteresis-loop 
toroidal core is the sharp definition of 
saturation. Because of this property, a 
core will absorb a calculable volt-sec- 
ond area and then go sharply into 
saturation. The permeability of the 
core is very high (about 20,000) be- 
fore saturation and very low (about 
20) after saturation. A transformer 
wound on such a core will then transfer 
to the secondary, a constant volt-second 
area each half cycle. If the voltage on 
the secondary is rectified, the output 
will be a series of unidirectional, cons- 
tant-area pulses. The d-c level of the 
output is proportional to the number 
of pulses per unit time, which is the 
input frequency. Four transformer- 
diode combinations then give d-c sig- 
nals J,, 1,, 1; and 1,, which are pro- 


portional, respectively, to F,, F., Fs 
and F,. Since the logic table requires 
only the difference between signals 1 
and 2 and, separately, signals 3 and 4, 
we may sum the respective pairs and 
treat them as error signals X and Y 
having the possible conditions of plus, 
minus, and zero. 

It is advantageous to combine mix- 
ing and amplification in one operation. 
This can be accomplished magnetically 
in a push-pull, d-c to d-c magnetic am- 
plifier having two equal control wind- 
ings. Both halves of the amplifier are 
biased to half “on” and their outputs 
are mixed in internal load or mixing re- 
sistors. Thus, with no input, the voltage 
drops across the mixing resistors are 
equal and the net output is zero. When 
a control signal of positive polarity is 
applied, the positive-half amplifier is 
turned on, the negative-half amplifier 
is turned off, and the resulting output 
is positive. A negative input similarly 
gives a negative output. 

Using an amplifier of this type, sig- 
nals 1 and 2 can be fed into equal con- 
trol windings with signal 1 being ap- 
plied in a positive sense and signal 2 
being applied in a negative sense. The 
output wili then be the difference signal 
(1 minus 2) amplified. In this case, 
the error signal ], — J, is in millimi- 
croamperes, calling for a very sensitive 
amplifier with exceptional null stability 
referred to the input. The magnetic 
amplifier chosen will give full output 
for 3 microamp of error signal and has 
a null stability of 14.4  10-* watts. 

Magnetic logic devices are normally 
full-wave, single-ended magnetic ampli- 
fiers that have sufficient positive feed- 
back to make them bistable. Such an 
amplifier can have many control wind- 
ings and can readily perform as either 
an AND or an or gate. In this case 
an AND gate is called for, since con- 
ditions 5 and 6 require that both error 
signals be present. The circuit shown 
in Fig. 1 is an aANp gate that will 
accept two inputs. The transfer func- 
tion of this gate is shown in Fig. 2. 
Since this gate can have an output 
only when both signals are fed to its 
controls, the magnitude of X and Y 
must each be limited to a maximum 
of one-half the current necessary to 
turn the gate on. This limited magni- 
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Input X Input Y Bias 
Fig. 1 — An aNnp gate to accept two inputs. 


Fig. 3—Two gates connected back-to-back. 


tude is the sensing level of the gate. 
Errors less than this value result in no 
output, which constitutes a “dead” 
zone. 

By using d-c mixing techniques, it is 
possible to connect two such gates back- 
to-back with reversed control windings 
and obtain an output that is either 
positive or negative, depending on the 
polarity of the inputs. This connection 
is shown in Fig. 3. With positive error 
signals, indicating positive skew, the 
output will be positive. With negative 
error signals, indicating negative skew, 


Fig. 6 — Logic-plus-proportional transfer function. 
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Inputs 


Fig. 2— Transfer function of aNp gate. 


Fig. 4— Transfer function of combined gates. 


the output will be negative. With error 
signals differing in polarity, indicating 
bow error, the output will be zero, Fig. 
4. This combination gate then satis- 
fies all six conditions for output A. 
Similarly, another pair of single- 
ended gates may be connected with in- 
verted control windings to satisfy all 
conditions for output B, From a logic 
standpoint, the controller is now com- 
plete. The system, however, will func- 
tion as a “bang-bang” or on-off servo. 
This is in no way considered propor- 
tional control. 
(Continued on next page) 
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Fig. 5 — Circuit for proportional control. 


Fig. 7— Complete block diagram of system. 
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Since it is desired to have the cor- 
recting servo command signals A and 
B proportional to the sum of the error 
-in X and Y, and since normal logic 
systems are by definition not propor- 
tional, normal logic elements cannot 
satisfy all of the required conditions.* 
The device needed is a proportional 
coincidence gate. This is defined as a 
gate which will produce output only 
when both input signals are present 


“Static Switching Today,” J. J. Duffy and S. Spatz, 
Execraica Manuracruninc, May 1959, p 161. 


with a definite polarity relationship and 
whose output will be proportional to 
the sum of the absolute values of these 
inputs. 

A circuit which will satisfy this defi- 
nition is shown in Fig. 5. It consists of 
two gate windings connected in series 
with an a-c power source, a diode, and 
a load. Each core has its own control 
winding. Both cores are externally 
biased to cut off so that there is norm- 
ally no output. The volt-second absorp- 
tion of each gate winding is equal to 
the volt-second area of the a-c source. 
With zero control current flowing in 
each control winding, the gate windings 
each absorb one-half of the applied 
voltage and there is no voltage across 
the load. With sufficient current in con- 
trol winding X to saturate its core, and 
zero current in control winding Y, gate 
winding Y absorbs all of the applied 


Small Encoder Offers Fine Angular Resolution 


W. ROBERT KNAPP, JR. 
Norden Division 

Unrrep Arrcrarr Corp. 
Milford, Conn. 


Tue “Microgon” Model 360/106 angle 
encoder, made jointly by the Norden 
Division of United Aircraft Corp. (Mil- 
ford, Conn.) and Colorado Research 
Corporation, has a total count of 360,- 
000; that is, it reads in degrees and 
thousandths of degrees. Degree informa- 
tion is taken from a double- or V-brush 
and disk arrangement which reads un- 
ambiguously* in 8-4-2-1 binary-coded 
decimal, 360 counts per revolution. 
Encoding of the thousandths of a de- 


*A discussion of avoiding ambiguity by the double- 
or V-brush arrangement may be found in “Digital 
Methods in Measurement and Control,” Michael H. 
Nothman, Excraica. Mawnuracrurtinc, September 
1959, pp 140-141; and “‘Ten-Bit Resolution in Shaft- 
Position to Digital Encoder,”” W. E. Stupar, Exec- 
Trica Manwuractrurinc, January 1959, pp 139-140. 


Variable stator 
Reference stotor 


gree between the shaft position and the 
last even degree is accomplished by a 
“vernier” section consisting of a rotor 
and two stators, Figs. 1 and 2. 

As the rotor turns past the stator 
teeth, there is a change in capacitance, 
which develops an a-c voltage if a d-c 
supply and resistor are put across the 
air gap. Because rotor and stators each 
have 360 teeth, and the rotor is turning 
at 900 rpm (15 cps), the frequency of 
both reference and variable stators is 
5.4 ke when the input stator is not 
moving. Frequency will change as the 
input shaft with its variable stator 
turns, higher when the input turns in 
a direction opposite to that of the rotor, 
and lower when the input shaft turns 
in the same direction as the rotor. There 
will be 1 cps difference in the two 
frequencies for each tooth slipped by 


Encoder degree 
output in BCD 


<-To encoder 
brushes 


To thousandth - degree 
phose detectors 


Fig. 2— Interior of shaft-position encoder with, left to right, motor-driven rotor, fixed- 
reference stator and variable stator with associated code disk, both driven by the input 


shaft. 
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voltage and there is no voltage across 
the load. The same is true if the roles 
of X and Y are reversed. This satisfies 
the condition of no output for one input. 
With slightly more than one-half the 
current necessary to saturate the cores 
in each control winding, each gate 
winding will absorb slightly less than 
one-half of the applied voltage and 
there will be a small output. At this 
point, an increase in the magnitude 
of either X or Y or both will result in 
less voltage being absorbed by the re- 
spective cores and an increase in the 
output voltage, so that the output is 
proportional to the inputs. The three- 
dimensional curves in Fig. 6 show the 
logic-plus-proportional transfer func- 
tion of output A. The curves for output 
B are similar. A block diagram of the 
complete system is shown in Fig. 7. 
O0O 


54 kc input 


Fig. 1 — End view of rotor and one of two 
stators used for resolving encoder output 
to thousandths of a degree. 


the variable stator with respect to the 
reference stator. With 360 teeth, a slip 
of one tooth represents a change of the 
input shaft amounting to one degree. 
When each tone is multiplied to 1000 
in an electronic feedback loop, this 1- 
deg shaft-position change is now rep- 
resented by a 1000-cps difference be- 
tween the variable and reference fre- 
quencies. The difference is sensed in 
the uP-DowN separator and the dif- 
ference frequency or beat is applied to 
the UP-DOWN counter on either the up 
or DOWN bus (up bus if the beat is 
caused by the variable tone being 
higher than the reference, and the 
Down bus if the beat is caused by the 
variable being lower in frequency than 
the reference). 

The reversible counter counts up or 
down, once for each pulse received on 
the up or pown bus. Therefore, the 
counter registers 1000 counts for every 
degree of rotation of the input shaft. 

It may at first appear that tooth-to- 
tooth accuracy of rotor and stators is 
extremely critical, but this is not the 
case. Machining error is averaged out 
over 360 samples, so that the error is 
«/\/360, not the entire pattern error 
as is the case with an optical encoder. 

o0o 
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each digit 


0Q00-359 degrees 8-4-2-1 BCD 
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Reversible 


Feedback counter 
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UP —DOWN 
seporator 


Phase 1000/1 5.4mc 


compoarator count - down oscillator 
| Electronics | 
150 Ib 
Fig. 3 — Transducer block diagram. Encoder has an accuracy of +0.001 deg or 3.6 sec of arc, provided the input shaft speed is not 
more than 100 deg/sec. Other models available with outputs of 10°, 2° or 2" counts per turn and encoding error less than one count. 
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Transistor Choppers 


FRANK OPP and J. A. WALSTON 
Texas INSTRUMENTS, INC. 
Dallas, Texas 


SIMPLE, RESISTANCE-COUPLED amplifiers 
for handling d-c signals are easy to 
build, but their operation often leaves 
much to be desired. It is frequently 
advantageous, therefore, to change the 
incoming signal to an a-c signal, am- 
plify it in an a-c amplifier, and then 
reconvert it to d-c. Typical basic cir- 
cuits for converting the d-c input to 
a-c are shown in Fig. 1. Switches Sl 
and S2 are arranged so that, when one 
is ON, the other is Orr and they are 
closed alternately at some convenient 
frequency, say 60 times a second. 

In Fig. 1(a), the incoming d-c signal 
is connected between the center tap and 
first one side and then the other of 
the transformer primary. The output 
of the transformer will then be a 60- 
cps signal proportional in amplitude 
to the input. The phase of the output 
depends on the polarity of the input. 
In Fig. 1(b), capacitor C charges 
through resistor R when S1 is closed 
and discharges when S2 is closed. In 
either circuit, the upper frequency re- 
sponse of the overall amplifier is usu- 
ally limited to no more than one fourth 
of the switching frequency. By invert- 
ing the circuit, these schemes may also 
be used to change the a-c output signal 
from the amplifier back to d-c. Switches 
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Fig. 1— Typical circuits used to change 
a d-c input to a-c. 
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used in these applications are often 
called choppers. 

Practical Circuits. To use transistors 
as choppers, the simple circuits of Fig. 
1 must be modified. If a signal tran- 
sistor replaces each switch, the collector 
and emitter will become the switch 
terminals. However, no semiconductor 
device acts as a perfect switch. That 
is, during the ON period, the resistance 
between terminals is not zero, and dur- 
ing the OFF period, it is not infinite. 
These resistances will vary with tem- 
perature and with current flow through 
the device. In addition, the back bias 
which turns the device off creates tem- 
perature-dependent leakage currents, 
while the base current turning it on 
produces more stray “offset” voltages 
at the terminals. A third source of error 
is the sensitivity of semiconductors to 
temperature. All of these effects pro- 
duce noise and non-linearities. 

Consequently, many chopper circuits 
use two transistors in such a way that 
the offset voltages and/or leakage cur- 
rents appearing at the switch terminals 
either oppose one another or produce 
a constant d-c signal into the amplifier. 
Figure 2 shows simple transistorized 


» 
Fig. 2—-Simple transistor chopper cir- 
cuits. 


(b) 


Switching drive input 
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versions of the circuits in Fig. 1. The 
success of this approach depends on 
the degree to which the collector cur- 
rents and collector-to-emitter voltages 
can be matched over the operating 
temperature range. A mismatch of 
voltages may be compensated for by 
placing selected resistors in each 
emitter lead. The equivalent resistances 
of the transistors while they are on, 
and their base currents, may be stabi- 
lized by resistors in the base leads to 
maintain constant and equal base drive 
currents. Good temperature compensa- 
tion may be had by making one of the 
base resistors temperature-sensitive. 
The effect of the OFF currents may 
be minimized by selected resistors 
shunting the emitter-collector termi- 


nals. Germanium diodes shunting the 
emitter-base terminals can reduce the 
reverse-bias voltage. (Silicon diodes 
would produce a somewhat higher volt- 
age and therefore a larger collector 
current.) However, perfect tempera- 
ture compensation requires that the 
transistors be matched for collector-to- 
base cutoff current (Igg9). Although 
the oN and OFF resistances of the 
switch are degraded by these additions, 
this loss is often outweighed by the 
decrease in noise level. 

During the actual instant of switch- 
ing, the transistors are not matched 
and may produce a noise spike. There- 
fore, it is important that the switching 
time of the transistors be very short 
and that the square-wave switching 
drive have a fast rise time. If trans- 
formers are used in the circuit, the 
effects of leakage inductance must be 
reduced. Switching transient noise can 
often be reduced by careful attention 
to stray inductances and capacitances. 

Figure 3 shows a circuit which em- 
ploys all of these techniques.* Transis- 
tors Ql and Q2 are turned on and off 


* Junction Transistor Electronics, R. B. Hurley, Jobn 
Wiley and Sons, Inc., New York, 1958. 


Miniature Digital Program Timer 


STANLEY H. GORDON 
Applied Physics Laboratory 
Jouns Horxins UNIiversiry 
Silver Spring, Md. 


NORMAN J. DOCTOR 
Diamonp OrpNANcE Fuze LABORATORIES 
Washington, D. C. 


A MISSILE-PROGRAMMING timer made at 
DOFL is an example of size reduction 
possible with current miniaturization 
techniques using commercially avail- 


Fig. 1 — Solid-state digital program timer size is 2 x 3 x 11/16 
in. overall. Power requirements are —3 volts at 50 ma and +1.5 


volts at 1.5 ma. 


able components.* Timers used pre- 
viously were almost exclusively either 
mechanical or electromechanical, essen- 
tially because of their size and weight 
advantage over the typical electronic 
digital timer. 

The digital timer contains 268 com- 
ponents, of which 49 are transistors, 
but occupies a volume of only 3 x 2 x 
* “Microminiature Components for Electronic Assem- 


blies,”” N. J. Doctor and E. M. Davies, Execraicat 
Manuracruninc, August 1958, p 94. 


2» 


Fig. 2— Block diagram of program timer. Letters without bars 
represent true side of binary stage and those with bars the 


complemeated tide. ‘here is an output from the count-sensing 
circuit onty when all nine inputs are binary zero. 
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ABCDEFGH 


Count-sensing circuit 4 | £-16 sec 
— Ps 


[Count- sensing circuit 3 \f-2 4 sec 
——s 


Switching drive input 


Fig. 3 — Practical design for a transistor 
chopper. 


in unison. A small tapped resistor in 
the emitter leads permits balancing in 
the ON condition, while a large tapped 
resistor across both collectors permits 
a balance in the orF portion of the 
cycle. Base currents are held constant 
by resistors Rl and R2. Diodes D1 
and D2 operate with resistor R3 to re- 
duce the base orF voltage and thus help 
lower the OFF noise current. OOO 


1146 inches, including waste volume in- 
troduced by the non-uniform depth of 
stages (Fig. 1). 

Five output pulses are provided at 
times of F — 30.4, F — 9.6, F — 2.4, 
F — 1.6 and F — 0.0 seconds, F rep- 
resenting the interval between start and 
generation of the last pulse. Timing 
interval is thus variable from 0 to 204.8 
sec in steps of 0.8 sec. Setting is done 
remotely, in less than 0.5 sec, by reset- 
ting the entire binary counter to zero 
and feeding an exact number of pulses 
from an external source to the counter 


Lounch 
Setting pulses input 


Reset 


[Count sensing circult_2 ]F-96 sec 
_—_S 


ABCDBDEFGH 
F-304 sec 


Count -sensing circuit | |——> 
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in order to obtain the desired preset 
time. 

Three basic circuits are used in the 
design.t The first is a 1.25-cps free- 
running multivibrator (FRMV) used 
as the electronic clock. The second is 
a resettable binary divider (BCR), used 
in the counter. The third is a two-input 
NOR circuit which is used in the sensing 
circuits, and setting and launching 
gates. 

The time base is generated by divid- 
+ Microminiaturization of Electronic Assemblies, T. A. 


Prugh, pp 161-170, Haydon Book Co., Inc., New 
York (1959). 


ing down from a multivibrator tre- 
quency of 1.25 cps (0.8-sec period) 
through a string of binary dividers. 
Eight divider stages are needed to ob- 
tain an interval of approximately 200 
sec. This gives a full-count capacity of 
204.8 sec, since 2° == 256 and 256 X 
0.8 = 204.8. The ninth BCR stage is 
used only to indicate the fifth or last 
pulse. 

In order to obtain the correct time 
for the generation of the first four 
pulses, it is necessary to determine the 
binary number that would exist in the 
counting string at that time. The count- 
sensing circuit detects this number. 
Sensing circuits are each composed of 
four two-input NOR circuits and a one- 
input NOR circuit modified to use a 
single collector resistor. With this cir- 
cuit arrangement, a negative output 
pulse will be generated at the sensing 
circuit output if all nine inputs are at 
ground potential (binary zero). 

Overall design of the timer is ex- 


Relay Contact Plating Sensing Circuit 


G. W. HUMPHREYS 
Western Etecrric Co. 
Chicago, IIL. 


IN THE DESIGN of a wire spring relay it 
was anticipated that, in use, the contact 
requirements might vary from a single 
“make” or “break” to any combination 
of “make” or “break” up to the total 
24 contacts on the relay. For economy’s 
sake, all relays were to be made with 
the total 24 contacts, but it was desired 
to plate with palladium (an expensive 
metal) only those stationary contacts 
which were actually to be used. It was 
therefore necessary to develop a special 
sensing circuit to verify the presence 
of palladium on the stationary contacts. 
Visual and dimensional methods of in- 
spection are not satisfactory for this 
purpose. 

The principle employed in the circuit 
involves thermal electric power. By 


heating one end of a strip of nickel and 
touching it to the palladium, which is 
on a cold base, a thermal emf of about 
1% millivolt is generated. If the pal- 
ladium is not present, the emf gen- 
erated is of the opposite polarity. 

As shown in the accompanying 
schematic, the sensing and indicating 
circuits employ a chopper, an amplifier, 
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Multiple-Input Frequency Changer 


CHARLES E. CASE, Sales Engineer 
Carter Moror Company 
Chicago, Illinois 


15 volts 
Q-C input 


{ 


A NEW LINE of frequency changers 
utilizes high-efficiency silicon diode 


Carter converter 


A-C 
receptacle 


Fig. 1— Schematic of frequency changer for any input frequency from 25 to 60 eps. 
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plained with the aid of Fig. 2. A posi- 
tive pulse applied to the “reset” line 
resets all binary divider stages to zero. 
It also sets flip-flop “a” (FFa) so that 
the Nor gates accept “setting pulses” 
but block pulses from the internal free- 
running multivibrator. The exact num- 
ber of pulses is then applied externally 
through “setting pulses input” in order 
to preset the counter. The timer will 
stay in this condition until a positive 
pulse is applied to “launch” input. This 
pulse will change the stage of flip-flop 
FFa and start the program timer. 
Timer accuracy cannot be better than 
0.0 or —0.8 sec since the “launch” 
pulse may occur any time during the 
FRMV period of 0.8 sec. For a period 
of 200 sec, this is equivalent to an ac- 
curacy of -+-0.0 or —0.4 per cent. By 
increasing the number of binary divider 
stages and Nor inputs, and also by rais- 
ing the timing multivibrator frequency, 
greater accuracies can be obtained. 
Oo0Oo0 


a relay and an indicating light. The 
contact being tested is only in contact 
with the hot nickel for 1/10 sec. The 
chopper used generaies pulses every 
16% millisec, or six pulses during the 
time that the two materials are in con- 
tact and is biased so that it operates 
only when the palladium is present. 
The amplifier has a transformer input 
and its output stage is a thyratron. 
O0O°O 


Chopper 


Schematic of sensing and indicating circuits. 


rectifiers to convert any input from 25 
to 400 cps to a 60-cps output. The 
important feature of these changers is 
that the same unit can be used on any 
input line frequency as long as the 
line voltage is 115 volts a-c. 

The Carter frequency changer is 
suited for use as an export power sup- 
ply accessory for equipment that re- 
quires 60 cps for satisfactory opera- 
tion, in experimental laboratories, or 
by manufacturers to test equipment 
prior to export. 

Effectively this frequency changer 
converts frequencies through two 
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UNION CARBIDE PLASTICS COMPANY jam 


RESEARCH AND DEVELOPMENT CENTER 







Formulation of 
New Materials 


Production of 
Experimental 
Quantities 


Study of Extrusion 
Characteristics and 
Techniques 


Evaluation of 
Physical and 
Electrical 


Proven Products — 
Ready to Serve You 








Unsurpassed facilities for 
Plastics Research and Development.. 


LEAD TO UNSURPASSED 
APPLIANCE WIRING 


Pictured are the buildings of Union Carbide Plastics Com- 
pany’s modern Research and Development Center at Bound 
Brook, New Jersey, Here are found unexcelled facilities for 
the developinent and evaluation of the newest and the widest 
variety of vinyl insulating and jacketing materials for 80, 90, 
and 105°C, appliance wire, fixture wire, and flexible cords. 

Take a look at just a few of the activities carried on at this 
Center to help fulfill your present and future needs. These 
range from the formulation and careful testing of the newest 
and most improved quality materials, ,.to the study of modern 
extrusion methods so vital to the production of superior prod- 
ucts, Your future requirements are anticipated by long-range 
development programs that seek to broaden the range of prop- 
erties to expand the use of plastics in electrical applications. 
Better products and better service on our part lead to the kind 
of trouble-free performance that can save you time and money. 

Manufacturers of electrically operated machines, appliances 
and equipment... ali can gain immeasurably from the un- 
surpassed experience and technical knowledge of one of the 
oldest and most progressive producers of polyethylene and 
viny] for insulation and jacketing. For more information about 
Bake.iTE Brand plastics, write Dept. IS-42B, Union Carbide 
Plastics Company, Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N. Y. 
In Canada: Union Carbide Canada 
Limited, Toronto 12, 


UNION 
CARBIDE 


BAKELITE and Union Cansrpe are 
registered trade marks of Union Carbide Corporation. 
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stages, Fig. 1: single-phase line-source 
a-c is first rectified by silicon diodes, 
then filtered; this d-c is then recon- 
verted to a-c of the required voltage 
and frequency by a rotary converter, 
Fig. 2. 

Since the primary side of the con- 
verter unit is rectified d-c, its speed is 
not sensitive to changes in line fre- 
quency, an important consideration in 
many countries where central station 
frequencies are often subject to wide 
variations. 

D-C and a-c windings are wound 
on a common armature core rotating 
in a single d-c field. A rheostat in 
series with the shunt field is used to 


adjust converter speed and thus out- 
put frequency. The rheostat provides 
a 10 per cent range of output-fre- 
quency adjustment. Frequency regula- 
tion, no-load to full-load, ranges from 
25 per cent on the three smallest sizes 
(20-40-60 watts) to 15 per cent on 
the three largest sizes (1000-1500- 
2000 watts). Output voltage regulation, 
no-load to full-load, ranges from 25 to 
15 per cent, smallest sizes to largest, 
respectively. Assuming a line voltage 
of nameplate value and a full load of 
100 per cent power-factor character, 
output voltage from the converter will 
be within 5 per cent of nameplate 
rating with the converter at operating 
temperature. 

Efficiency of the rectifier-filter net- 
work remains quite constant in the 
90 to 95 per cent area throughout the 
full range of sizes. Converter units 
vary in efficiency from 46 to 72 per 
cent, depending upon size; the larger 


the unit, the higher the efficiency, Fig. 
3. Thus, overall full-load efficiency, 
from a-c input to a-c output, can be 
from 40 to 68 per cent. Efficiency 
values are affected by partial-load or 
low power-factor load conditions. 

At present, this line of frequency 
changers is available in 13 output 
capacities. Single-phase outputs are 
furnished from 20 to 2000 watts; 
three-phase from 250 to 2000 watts. 
Up to 80-watt capacity, the units are 
completely self-contained in steel cab- 
inets. To reduce single-unit weight, 
ratings of 100 watts and above have 
separate power-supply and converter 
units. The converter may then be 
mounted in any convenient out-of-the- 
way place, leaving the cabinet with 
controls at the point of use. Standard 
output frequency is 60 cps (50 cps 
available), while input and output 
voltages are either 115 or 230 volts 
a-c, in any combination. Oooo 


Fig. 2— A typical converter unit of the 300- to 750-watt range. 
It is used in conjunction with the power-supply unit. 


<€& 


Fig. 3— Performance curve of typical converter with 2000-watt 
output. Input, 115 volts d-c; voltage regulation, 12 per cent; 
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Phase-Shifting Capacitor Serves as Transducer 


DETERMINATION OF DISTANCE, velocity 
and acceleration, frequency modula- 
tion, function generation or phase 
measurements may be made by the 
Variogon transducer which produces 
time delays or phase variations directly 
proportional to shaft rotation. 

The transducer (Figs. 1 and 2) con- 
sists of a phase-shifting capacitor, 
balanced-line components (7,, C,, C., 
R,, R,) and bridge network (C;, C,, 
R,, R,). There are two fixed stators, 
one divided into sectors, and a shaft- 
driven eccentric dielectric rotor between 
the stators. This arrangement avoids the 
need for brushes and slip-rings or 
commutator. 

Input voltage E; is applied to the 
quadrature network and produces volt- 
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ages E,, E,, E; and E,, all equal in 
magnitude, but 90 deg out of phase. 
Rotor R is shaped so that resultant 
output voltage E, is sinusoidal with 
phase-shift proportional to shaft rota- 
tion. Because of this property, many 
functions can be performed with such 
a device. 

Adjusting the transducer shaft to 
correspond to phase difference between 
a transmitted AM pulse and its echo 
provides a means for determining 
range, as in RADAR, LORAN or 
SONAR systems. Shaft rotation is pro- 
portional to time interval or range. If 
sequential range measurements are 
made, velocity or acceleration may also 
be calculated. 


(Continued on page 148) 
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Fig. 1— Four-phase, phase-shifting trans- 
ducer circuit diagram. 
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BODINE MOTORS 


give you 


After Delivery Economies 


When you're specifying a fractional horsepower motor 
for your product, it’s the end cost that’s really important. 
It’s what the motor costs built-into your product . . . in 
your customer’s hands... operating efficiently and 
without trouble. 


Bodine Motors reduce your manufacturing costs after 

they’re delivered . . . after they're built-into your prod- 

uct. Here’s why: 

1. Bodine Motors perform consistently, never fail pre- 
maturely, never require field servicing... (well, almost 
never!). 


FEBRUARY 1961 


. You'll seldom encounter a reject on incoming, produc- 
tion line, or final inspections or tests. 


. Bodine Motors are easy to fit-in . . . easy to adjust. 


. Bodine Motors help your product earn customer satis- 
faction and repeat sales! 


Bodine quality costs less when you figure the end-costs. 
If your product needs better motors, you're already paying 
for them. Why not have them? Be sure you get Bodine 
ADE .. . After Delivery Economies. 


Bodine Manufactures Fractional Horsepower Motors for: 


Office computing and accounting machines 
Engineering, laboratory, and research instruments 
Photographic equipment 

Musical instruments 

Electrical industrial apparatus 

Therapeutic and medical equipment 
Communication equipment 

General industrial machinery 

Metalworking machinery 

Service industry machinery 

Optical instruments 

...and any equipment that requires quality 
fractional horsepower electric motors. 


Detailed information on the more widely used Bodine 
Motors is contained in Bulletin S-2. Ask for your 
copy. Bodine Electric Co., 2500 West Bradley Place, 
Chicago 18, Illinois. 


BODINE 


fractional / horsepower 


MOTORS 


the leading products 
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Each complete transducer shaft revo- 
lution causes 4 one-cycle lead or lag 
of output with respect to input signal; 
thus, transducer output can be fre- 


Typical Operating Specifications for 
Standard “Variogon” Transducer 


Frequency input, specific frequency 
from 1 ke to 5 mc 

Frequency response, +1 per cent of 
center frequency 

Linearity of phase shift, +30 min of 
arc 

Amplitude variation, 2 per cent 
approx 

Operating 
+85 C 

Shaft speed, 5000 rpm max 

Life, 90 per cent probability of 10° 
revolutions 


temperature, —55 to 


quency modulated by shaft-speed varia- 
tions. Frequency difference is small at 
higher frequencies of operation, but 
the difference can be multiplied by gen- 
erating harmonics of transducer signal 
output. 

Mounting a dial, calibrated in de- 
grees, on transducer shaft will allow 
phase measurements to be made by 
observing lissajous figures or a null 
meter when appropriate external cir- 
cuitry is used. 

Another Variogon application is in 
function generation. Sine or cosine 
functions are normally produced, as 
expressed by the equation 

E, = BE;sin (ot — $) 
where £ is attenuation factor and ¢ is 
shaft angular position. Shaping capaci- 
tor stators and rotor permits generation 
of functions other than sine and cosine. 

Resolving rectangular components 
and a rotating vector for analog com- 
putation is another application. Re- 
cently, the phase-shifting capacitor has 
been used in test equipment for sam- 
pling color television sub-carrier phase- 
shift. oo0Oo 


Materials — Applications Notes 


Sintered Nylon Switch Cam 
Follower Replaces Metal Parts 


As A DESIGN CRITERION for a new re- 
versing-drum switch, a cam follower 
capable of operating for a minimum 
. of one million cycles was proposed by 
the Allen-Bradley Co., Milwaukee, Wis- 
consin. The basic problem was to find 
a material capable of being designed 
into the physical and operational speci- 
fications for the part. 

@ Design Considerations. This Allen- 
Bradley “Bul 350, Style A” switch is 
designed to break three lines in a 
variety of motors which it starts, stops 
and reverses. Stationary contacts are 
mounted on the phenolic contact base. 
A rotating phenolic drum carries the 
movable contacts. The starwheel is an 
integral part of the drum. 


The cam follower roller (see Fig. A) 
is mounted at the tip of a spring-loaded 
follower arm and is pressed tightly 
against the starwheel by the spring. 
Impact and rolling and sliding friction 
occur between the roller and a steel 
mounting pin, and between the roller 
and starwheel cams when the switch 
is thrown and the starwheel rotates. 

A roller which is susceptible to wear 
becomes elliptical on the inner surface 
and to a lesser extent on the outside. 
Preferential wear accelerates damage 
to the roller as the fixed steel pin seeks 
the thin side of the roller wall. At this 
point the switch may begin to jam 
when it is actuated. As wear progresses, 
the roller breaks up and the steel pin 
rides against the starwheel, damaging 
it and resulting in malfunction of the 
unit. Design requirements necessitated 
a roller material which would resist 
excessive wear for the life of the switch. 

e Materials. Four materials were 
chosen for test purposes. Rollers of 
these materials were mounted on steel 
pins, as in the switch, and repeatedly 
put through the same duty cycle they 
would meet in field operation. All roll- 
ers were tested to destruction. Test re- 
sults were as follows: 


Hardened steel roller — failed after 
85,000 operations because of wear and 
excessive friction between the pin and 
roller. 


Standard nylon (four rollers) —failed for 


Fig. 2— Variogon transducer with shaft 
coupling. Phase-shifting capacitors with- 
out quadrature networks are also avail- 
able. 


Source: Nilsen Manufacturing Co., 23 
No. Church St., Addison, III. 


the same reasons after 850,000, 933,000, 
132,000 and 1,450,000 operations. 

Phosphor bronze—failed after 110,000 
operations. 

Fully hard beryllium copper—failed after 
267,000 operations. 

Sintered nylon—the roller was machined 
from Nylasint stock suppled by Halex 
Corporation for testing purposes. After 
989,000 duty cycles it showed no impair- 
ment from wear. 


Two more test rollers were made by 
Halex Corp., a subsidiary of the Poly- 
mer Corporation, Reading, Pennsyl- 
vania, with finely-divided molybdenum 
disulfide and nylon being cold-pressed 
in the desired form. Molydbenum di- 
sulfide, a solid, provides permanent 
lubricity in applications such as the 
cam follower roller. Data from press 
fit tests show natural MoS, has kinetic 
coefficients of friction as low as 0.034, 
the lowest coefficient of any commer- 
cially-available solid lubricant. 

e@ Results. When tested in the unit, 
the new-type rollers, in addition to the 
lubricity provided by the molybdenum 
disulfide, exhibited superior wear and 
impact resistance, imparted by the 
filled-nylon’s permanent resilience and 
resistance to distortion. A factor con- 
tributing to increased wear resistance 
over standard nylon was the increased 
crystallinity possessed by parts formed 
by the cold-press process. Highly crys- 
talline plastics have better frictional 
properties and fewer of the internal 
stresses that impair dimensional sta- 
bility. 

(Continued on page 150) 
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Sprague’ LOGIPAK* encapsulated pack- 
ages have standardized shapes equally suitable 
for prototype or production use. 


Versatile Logiline* 
Circuitry for 
Digital System Design 


Sprague Logiline digital system 
circuitry is based on a series of 5 Mc 
transistor switching circuits in build- 
ing block form. These offer either 
the flexibility of encapsulated pack- 
ages or the versatility of conventional 
wiring board construction. 

Basically a pulse-level system, 
Logiline circuitry performs digital 
computer functions, including com- 
binational logic, temporary storage, 
pulse source, and pulse amplifica- 
tion. Incorporating standardized 
switching circuits, they save hours 
of design time. Their plug-in feature 
is another noteworthy time saver. 

Sprague Logipak* encapsulated 
packages have standardized configu- 
rations—ideal for prototype design, 
equally suitable in final production 
—and they’re smaller and priced 
lower than conventional wiring 
board assemblies. Transistors are 
readily accessible. Pins have stand- 
ard 0.1” grid module spacing. 

As a further aid to interchangeable 
digital circuitry, Sprague offers 
epoxy-glass etched Logicard* wiring 
boards with 22-pin connectors in 
aluminum frames. These insert into 
prewired rack mounted panels. They 
are completely interchangeable with 
comparable units. 

For complete Logiline data or 
digital design application assistance 
write: Special Products Division, 
Sprague Electric Company, 307 
Marshall St., 

North Adams, 
Massachusetts. 


LOGICARD* wiring 
board card for con- 
ventional equipment 
assembly. 


*Trademark 
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Something 


a 


in counting 
techniques! 


Sprague type 7321 core-transistor 


DECADE COUNTERS 


Sprague’s Special Products Division, the largest and most complete 
facility in the magnetics industry, offers a simple yet versatile, low-cost 
yet reliable component for counter applications. Counting to speeds of 
10 kc, the 73Z1 decade counter provides an output signal for every 10 
input pulses, then resets in preparation for the next cycle. For higher count- 
ing, two or more counters may be cascaded. Typical characteristics are 
shown in the following table: 


CHARACTERISTIC 


Amplitude 
Pulse Width 
Impedance 


OUTPUT 


6.5 volts min. 
50 usec nom. 
20 ohms 


1.5 to 8 volts 
1 usec min. 
100 ohms 


Utilizing two rectangular hysteresis loop magnetic cores and two junc- 
tion transistors to perform the counting operation, the 73Z1 counter is 
encapsulated in epoxy resin for protection against adverse environmental 
conditions. It has five terminals—B+ (12v + 10%), input, output, ground, 
and manual reset. 

The 73Z1 decade counter is available as a standard item. However, 
“customer engineered” designs can be supplied when other counting 
cycles, speeds, and package configurations are required for special 
applications. 

Other Special Products Division components for the digital equipment 
industry include: LOGILINE 5 mc/s digital circuits; 1 usec access time 
memory; magnetic shift registers and logic components; computer pulse 
transformers; switching transformers; precision toroidal inductors. 


ST: 


THE MARK OF RELIABILITY 


For complete technical data or ap- 
plication assistance on the 73Z1 counter 
or other Sprague components, write to 
Special Products Division, Sprague 
Electric Co., 307 Marshall Street, 
North Adams, Massachusetts. 
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Miniaturized Delay Line 


A DELAY LINE, Spira-Coil, produced by 
Com-Tronics Co., Los Angeles, Calli- 
fornia, has a temperature coefficient 
of 50 ppm/deg C, or better, regard- 


less of the impedance. In this minia- 
turized component, non-porous Fiber- 
film (glass microfibers and TFE, from 
American Machine and Foundry Co., 
Springdale, Connecticut) one mil thick 
is used as a capacitor to provide minia- 
turization and high band pass under a 
severe thermal environment with good 
thermal stability. 

The inductors of the Spira-Coil are 
placed in close proximity to achieve 
miniaturization of the delay line. The 
low insertion loss of the package re- 
sults from lumped-constant design and 
high-Q capacitors. The dielectric cons- 
tant of Fiberfilm (2.1) and its charac- 
teristic dissipation factor help produce 
a high band pass, a good feature in a 
delay line. The working voltage of 1,000 
volts is well above the usual 600-volt 
working range. The result is a minia- 
turized delay line which is stable in 
operating temperatures from —55 to 
+125 deg C. (See Fig. B.) 


Zinc Die Casting Cuts Lighting-Fixture Design Costs 


By switching from stamped sheet steel 
to die-cast zinc for the manufacture of 
lighting fixture components, a more 
rugged and more economical product 
is realized. 

In one typical case (a recessed light- 
ing-fixture housing frame) 30 per cent 
of the cost of the former sheet-metal 
stamping was saved, according to the 
American Zinc Institute, by converting 
to zinc die castings. Reasons for the 
switch included zinc’s inherent ability 
to be die cast to close dimensional toler- 
ances “as cast,” plus the ease and 
economy with which zinc can be plated. 
Thus, die-cast zinc parts can be pro- 
duced economically, rapidly and with 
dimensional consistency, since a mini- 
mum of machining and preparatory 
operations is required. 

Another advantage of zinc die-casting 
includes a marked improvement in 
rigidity over stamped components. Also, 
in areas where appearance of the prod- 
uct is not important, no additional pro- 
tection is needed because of the in- 
herent corrosion resistance of zinc. 

Originally, the previously mentioned 
frame was stamped out of pre-plated 
steel received from the mill with a pro- 
tective paper cover. Fabrication with 
this material was a relatively expensive 


process that involved some 15 stamp- 
ing and forming steps. Following these 
stamping and forming operations, addi- 
tional steps were required in assembly, 
such as: riveting flap holders to tabs 
on the frames (four rivets) and install- 
ing channels and flaps. The adhesive 
protective paper was then stripped off 
the preplated stock and the surfaces 
cleaned up. 

As a result of marked production 
savings and increased product appear- 
ance and quality, die-cast zinc parts 
are being used more and more in this 
application. Zinc die castings are em- 
ployed for many basic frames (re- 
cessed, round, square, and rectangu- 
lar) ; many types of swivel assemblies; 
and brackets, fittings, and other parts. 

In many cases, desired features could 
not be obtained with stamping or spin- 
ning because of the restrictions imposed 
by the uniform thickness of the sheet 
metal. The need for various attaching 
elements created other problems. With 
die castings, integral mounting bosses 
and lugs eliminate the need for external 
assembly accessories. Self-tapping 
screws are especially adaptable to die- 
cast zinc, and screw heads are easy to 
conceal. 


Cable Shielding 


NEW MULTIPLE-PAIR shielded cable (see 
Fig. D) uses tape of Mylar polyester 
film coated with pigmented polyethy- 
lene to provide light-weight, space- 
saving insulation between shields. Func- 
tionally, the film provides puncture- 


and abrasion-resistance coupled with 
high electric strength. The pigmented 
polyethylene heat-seals to prevent un- 
ravelling of tape at terminations, as 
well as contrast for printed conductor 
identification. (Source: DuPont.) 


REPLACEMENT OF braided metal elec- 
trostatic shielding with a film-foil lami- 
nation in multiple-pair, individually- 
shielded intercom cable results in re- 
duced diameter, weight and cost, and 
provides 100 per cent shield coverage. 
(See Fig. E.) The lamination of one- 


half-mil Mylar polyester film and one- 
third-mil aluminum foil provides a re- 
versible feature in cable manufacture. 
When the Mylar is on the outside of 
the wrap, it insulates between shields; 
when on the inside, it adds an insula- 
tion barrier over the conductors. 
(Source: Du Pont.) Oooo 


Pulsed Miniature Counter Gives Indication and Control 


Tue Burroucus DC-111 counter cir- 
cuit shown in Fig. 1 (p 152) can pro- 
vide a pulse-resolution rate of 110 kc 
from a —12-volt, 2-~sec pulse which 
may be supplied by existing transistor 
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logic circuits. 

A combination of a “Beam-X” switch 
and transistor flip-flop results in a sim- 
plified decade counter mounted on a 
single printed-circuit card (Fig. 2). 


The ten electrical outputs from the 
counter will operate remote Nixie indi- 
cator tubes, printers or other control 
devices. Counters may be cascaded di- 
rectly with identical units, each of 
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fh. fay "he 
“ UNIFORMITY 


IN ELECTRICAL SHEETS PROVIDES 
PERFECT MOTOR PERFORMANCE 


FINE ELECTRICAL EQUIPMENT has its beginning in the electric 
furnaces of this basic steel producer. A mill recognized for 
over forty years for its absolute adherence to every specifica- 
tion for high-quality electrical grades. 

Complete control through successive steelmaking proc- 
esses ensures uniformity in physical characteristics and 
electrical and magnetic properties. Exceptionally true to 
gage, free from burrs and breaks in punching, easy and 
economical to assemble, Acme-Newport electrical sheets 
prove as satisfactory to manufacturers of rotating equipment 
as to ultimate users. Let our metallurgists give you details, 
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which have power requirements of 250 
volts d-c at 11.5 ma and heater voltage 
of 6.3 at 150 ma. 

Although the DC-111 decade counter 
illustrated will operate only one Nixie 
indicator tube, other models capable of 
operating multiple remote indicators 
are to be made available. Two standard 
or three miniature Nixie tubes may be 
driven in parallel (Fig. 3) when a 
higher-current “Beam-X” switch tube 
is used. Oo0o°o 





+250 volts 


Binary 
reset 


Fig. 2—Burroughs DC-111 plug-in counter 
module. 


+ 300 volts 


Nixie tube 


To terminals 
ABC DEFHJKL 
of decode counter 


Fig. 3— Multiple remote readout con- 
nections for operating a Nixie tube from 
decade counter modules with higher- 
current “Beam-X” switches. 


Source: Burroughs Corporation, Elec- 


tronic Tube Division, Plainfield, N. J. 





Target outputs 


a © @ 


Alternate 
binary 


+ 250 volts 


1234567890 


To terminals 
ABCDEFHJKL 


External Nixie tube 
connection diagram 


Notes 

|. All capacitors in pf unless 
otherwise specified. 

2. DCIIIA, for driving Type 
B4032 Nixie tube. 3 to Ai2 = 
62k and A2 = I20k 
DC IIIB, for driving Type B503! 
or B6033 Nixie tube. &3 to A i2= 
82k and A2= I60k 


Fig. 1— Complete schematic of decade counter using an electron switching tube and transistor circuitry. Target output consists 
of a potential drop from a nominal +165 volts to +100 volts when connected to the proper load. Targets will operate a Nixie 
indicator tube directly or will perform any required logical-control function. 
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MOTORS 
BY THE 
POUND? 


You're buying motors by the pound 
when price is the only consideration 


Sure, you can get a motor for the lowest price, a motor 
of the same type and with the same rating and operat- 
ing characteristics of the highest priced motor. But, 
while initial price is an important factor, the actual cost 
is the ultimate cost of a motor. And, ultimate cost 
includes the repair bills, lost production, lost man hours 
and lost customers that an inferior, built-down-to-a- 
price motor could cost you. 


Wagner® protected polyphase motors do cut expensive 
downtime. Their cast iron frames can’t be affected by 
corrosive acids, salts, or alkalies. They are designed for 
cool running... stator temperatures stay low to in- 


crease motor life. Wagner polyphase motors are de- 
signed to permit relubrication that adds years to motor 
life under severe operating conditions. Wagner motors 
have earned a reputation for proven dependability. 


Next time you buy motors, check beyond the purchase 
price. Make sure that you get all the performance you 
need—with motors that will do the job. 


Wagner motors have been getting the job done for more 
than 65 years. Your Wagner Sales Engineer will be glad 
to show you why. Call him for an analysis of your next 
motor application, be it for plant or product. 


Branches and Distributors in all Principal Cities 


Wagner Electric Corporation 


6454 PLYMOUTH AVENUE, ST. LOUIS 33, MISSOURI 


FEBRUARY 1961 
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Why Die Stamped 
Circuits by 


Dytronics ? 


EXACT 
CIRCUIT 


DUPLICATION 


... 29,000 or 
9,000,000 units 


One of the major prob- 
lems in printed circuitry 
is exact duplication of the 
circuit pattern from unit 
to unit. The Dytronics die 
stamped process elimi- 
nates this headache by 
utilizing a metal-cutting 
die to delineate the con- 
ductor pattern exactly 
whether 25,000 or 5,000,- 
000 circuits are produced. 
A new booklet, “De- 
signing with Dytronics 
Die Stamped Circuits,” 
gives other important rea- 
sons for specifying these 
quality circuits and pro- 
vides information that 
will help you design them. 
Write for a free copy. 


- 
Dytronics 


INCORPORATED 


ROCHESTER 37, MICH. 


A subsidiary of Taylor Fibre Co., 
Norristown, Pa. 
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Proceedings on Printed-Circuit 
Design Parameters 


Proceedings of the 1960 Seminar on 
“Printed-Circuit Design Parameters for 
Data Processing and Communications 
Equipment” are now available. They 
include a report from each of four 
panel members, describing the design 
parameters used by their companies. 
Each paper includes information on 
dimensions, connections, finishes, com- 
ponent mountings and quality control. 
Copies of these Proceedings, at $5.00 
per copy, are available from the In- 
stitute of Printed Circuits, 27 E. Mon- 
roe, Chicago 3. 


NEMA Insulating Materials 
Division Names Officers 


E. R. Perry, president, National Vul- 
canized Fibre Co., Wilmington, Del., 
has been elected chairman of the 
Insulating Materials Division of the 
National Electrical Manufacturers As- 
sociation for the coming year, accord- 
ing to an announcement made in con- 
nection with the Third National Con- 
ference on the Application of Electrical 
Insulation. The Division also named 
two vice chairmen: D. J. O’Conor Jr., 
president and general manager, For- 
mica Corp. (a subsidiary of American 
Cyanamid), and Robert L. Wesbee, vice 
president, Minnesota Mining and 
Manufacturing Co. 


ASTM Publishes Work on 
Missile Testing, Electrical 
Contacts 


The Symposium on Nondestructive 
Testing in the Missile Industry was 
organized to establish a background 
of unclassified literature on a limited 
number of specific applications of non- 
destructive testing and to stimulate 
thinking by outlining present nonde- 
structive testing problems in the missile 
industry. The publication (STP 278, 
71 pages) containing these papers is 
available at $2.00 per copy. 

The 1959 Supplement to the Bibliog- 
raphy and Abstracts on Electrical Con- 
tacts, STP 56N, 64 pages, $3.50, con- 
sists of a subject index which groups 
the bibliography according to separate 
problems and details involved in the 
subject, an author index, and finally, 
chronological bibliography and ab- 
stract list. The bibliography includes 
references on effects which take place 
in the operation of electrical contacts, 
microphysics of the electric arc, metal- 
lurgy of contact materials, mechanics 


of the operating mechanism, physical 
and chemical properties of materials, 
and ambient conditions. Any reference 
which appears to have any reasonable 
connection with the problems involved 
in electrical contacts has been included. 

Copies may be obtained from ASTM 
Headquarters, 1916 Race St., Philadel- 
phia 3. 


Engineers Joint Council 
Elects 1961 Officers 


James N. Landis, vice president of the 
Bechtel Corp. of San Francisco, has 
been elected president of Engineers 
Joint Council, a national federation of 
21 engineering societies organized to 
advance national and human welfare 
by promoting cooperation among the 
various specialties of engineering. Lan- 
dis, who is past president and present 
Council member of the American So- 
ciety of Mechanical Engineers, suc- 
ceeds Augustus B. Kinzel, vice presi- 
dent of Union Carbide, who headed 
EJC for the past year. 


IRE Announces 1961 Awards 


Ralph Bown, former Bell Telephone 
Laboratories scientist, and Ernst A. 
Guillemin, Webster Professor of Elec- 
trical Engineering at Massachusetts 
Institute of Technology, are among 
those named by the Institute of Radio 
Engineers to receive awards in 1961. 
Presentation will take place at the 1961 
IRE International Convention banquet 
March 22 in New York City. 

Mr. Bown has been named to receive 
the Founders Award, 1961, “for out- 
standing service to the IRE and for 
outstanding contributions to the radio 
engineering profession . in the 
planning and administration of techni- 
cal developments which have greatly 
increased the impact of electronics on 
the public welfare.” 

Mr. Guillemin will receive the Medal 
of Honor, 1961, the highest annual 
technical award in the field of elec- 
tronics, “for outstanding scientific and 
engineering achievements.” 


Berkner Named President of 
IRE 


Lloyd V. Berkner, president of Asso- 
ciated Universities, Inc., has been 
elected 1961 president of the Institute 
of Radio Engineers. Dr. Berkner suc- 
ceeds Ronald L. McFarlan, consultant 
to the DATAmatic Corp. and the Ray- 
theon Manufacturing Co., as head of 
the International society. 
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quality 


-- - CONTROLLED 
te) a 
pom kD, 


High quality chrome alloy 
steel wire is produced by the 
Cuyahoga Steel and Wire 
Division of Hoover Ball and 
Bearing Company. 


Micro-Velvet balls are pro- 
duced in the Hoover Ball 
Division plants in Middle- 
town, Ohio, and Erwin, 
Tennessee. 











Hoover Quality, widely recognized by bearing 
users, is the result of complete control of every 
step in the manufacture of bearings. 


Specialized knowledge gained through the oper- 
ation of its own wire drawing mill aids Hoover in 
setting and controlling the quality standards of 
wire from which balls are made. 


As America’s leading producer of balls, Hoover 
has the experience and equipment it takes to make 
balls of exceptional quality. Micro-Velvet balls 
used in Hoover bearings are accurate within 
millionths of an inch! 


And Hoover utilizes exclusive processes that 
assure product superiority. Hoover Honed race- 
ways are super smooth, superbly finished. Testing 
and inspection at various stages of manufacturing 


Hoover is actively en- 
gaged in the develop- 
ment of an expanded 


are accomplished with specially designed equip- 


ment. Even non-destructive electronic inspection 
line of non-destructive ‘ is employed. 


——— inspection Hoover Quality is the result of complete control 
ee E ” ... from start to finish. 


ePOOuwer 


BALL AND BEARING COMPANY 
5400 South State Road, Ann Arbor, Michigan 
Zone Sales | 8581 South Chicago Ave., Chicago 17, Illinois 

Offices and | 290 Lodi Street, Hackensack, New Jersey 
Warehouses | 2020 South Figueroa, Los Angeles 7, California 


Hoover Quality bearings are 

the final result of the com- 

bined know-how of highly 

specialized, yet integrated 
oover divisions. 


Micro- Velvet and Hoover Honed are Hoover Trademarks. 





GENERAL INDUSTRIES 


MOOTH 
POWER 


AC MOTORS 


offer unmatched quality 
and dependability yet 
cost no more-often less! 


MODEL “A” two pole, shaded pole motor 
available in various lamination thick- 
nesses. Precision constructed for relia- 
ble, long hard usage. Perfectly balanced 
for smooth quiet operation. 


HP Locked Max. Free 
—_ Torque Torque oT A 
in./oz. in./oz. 


e 3-CW “ 
EE [ve] or [vs [ool 
rasa 
EE [v7 ve | 2 [oe 
A- +ow 
eR [om | a3 [ oe [eo] a 
ae cs 
A-7- CCW 
£EERy [vw [2 [os [oe] 
3.7 


MODEL 


A-8-CCW 
A-9-CW 
aaccew [7 | 27 | 53 | sao} 
A-12-CW 
A-12-CCW 
A-14-CW 

[Aiscew] 50 | 0 | 709) 


Standard shaft diameter .1817, 1/4" shaft 
available if desired. 


Standard Line 
From 
1/1800 to 1/35 H.P. 


See Our Catalog in 
SWEETS 


7a-Gen 


8 


or write for copy 


Quantity Price Quotation 
® On Request 


THE GENERAL INDUSTRIES co. 


DEPARTMENT GL * ELYRIA, OHIO 
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CALENDAR of Meetings 


FEBRUARY 


Feb. 1-3 — Convention on Military 
Electronics (sponsored by IRE), 
Biltmore Hotel, Los Angeles. 


Feb. 7-9—Annual Society of the 
Plastics Industry, Reinforced Plas- 
tics Division Conference, Edgewater 


Beach Hotel, Chicago. 


Feb. 13-16—American Society of 
Heating, Refrigerating and Air Con- 
ditioning Engineers, Semi-Annual 
Meeting and Exposition, Conrad- 
Hilton Hotel, Chicago. 


Feb. 13-16—Third Institute on In- 
formation Storage and Retrieval, 
The American University, Washing- 


ton, D. C. 


Feb. 15-17 — International Solid- 
State Circuits Conference (spon- 
sored by AIEE and IRE), Univer- 
sity of Pennsylvania and Sheraton 


Hotel, Philadelphia. 


March 9-10 —Second Symposium 
on Engineering Aspects of Magneto- 
hydrodynamics (sponsored by AIEE, 
IAS and IRE), University of Penn- 
sylvania, Philadelphia. 


March 20-23 — IRE International 
Convention, N. Y. Coliseum and 
Waldorf Astoria Hotel, New York 
City. 


March 20-24—Western Metal Ex- 
position and Congress, Pan Pacific 
Auditorium and Ambassador Hotel, 
Los Angeles. 


March 27-31 — Third Symposium 
on Temperature: Measurement and 
Control (sponsored by American In- 
stitute of Physics, ISA, National 
Bureau of Standards), Veteran’s 
Memorial Hall and Deshler-Hilton 
Hotel, Columbus, Ohio. 

April 5-7—-Symposium on Materials 
and Electron Device Processing 
(sponsored by ASTM), Benjamin 
Franklin Hotel, Philadelphia. 


April 17-19—National Symposium 
on Instrumental Methods of Analysis 
(sponsored by ISA), Shamrock- 
Hilton Hotel, Houston, Texas. 


April 18-19 — Inter-industry Con- 
ference on Organic Semiconductors 
(co-sponsored by Armour Research 
Foundation and Electronics, a Mc- 
Graw-Hill publication), Morrison 


Hotel, Chicago. 


April 19-21—SW IRE Regional 
Conference & Electronics Show, 
Dallas, Texas. 


April 23-26—ASME Metals Engi- 
neering Conference, Penn Sheraton 
Hotel, Pittsburgh. 


April 25-27—National Conference 
on Electromagnetic Relays (spon- 
sored by National Assoc. of Relay 
Manufacturers), Student Union 
Bldg., Oklahoma State University, 
Stillwater. 


April 26-28—Seventh IRE Regional 
Technical Conference and Trade 
Show, Westward Ho Hotel, Phoenix. 


April 30-May 4—Seventh National 
Aero-Space Instrumentation Sym- 
posium (sponsored by ISA), Adol- 
phus Hotel, Dallas, Texas. 


May 7-8 — Fifth Midwest Sym- 
posium on Circuit Theory (spon- 
sored by IRE), Allerton Park and 
Urbana campus, University of IIli- 
nois. 


May 7-11 — Hydraulic Conference 
(sponsored by ASME-EIC), Queen 
Elizabeth Hotel, Montreal, Canada. 


May 8-9—ASME Lubrication Sym- 
posium, Deauville Hotel, Miami 


Beach, Fla. 
May 8-10—Fourth National ISA 


Power Instrumentation Symposium, 
LaSalle Hotel, Chicago. 


May 8-10—Thirteenth Annual Na- 
tional Aerospace Electronics Con- 
ference (sponsored by PGANE), 
Biltmore and Miami Hotels, Dayton, 
Ohio. 


May 9-11-—Electronic Component 
Conference (sponsored by AIEE, 
EIA, IRE and WEMA), Jack Tar 
Hotel, San Francisco. 

May 9-11—Western Joint Computer 
Conference (sponsored by IRE, 
AIEE and ACM), Ambassador 
Hotel, Los Angeles. 


May 15-17—1961 National Sym- 
posium: Microwave Theory and 
Techniques (sponsored by PGMTT), 
Sheraton Park Hotel, Washington, 
D. C. 


May 22-25—ASME Design Engi- 


neering Conference and Show, Cobo 
Hall, Detroit, Mich. 
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Core and coil assemblies for a single phase 100KVA Terra-Tran, 
R T & E's oil immersed, self-cooled, completely self-contained trans- 
former for residential underground distribution. Natvar 400 extruded vinyl 
tubing is used on both high voltage and low voltage leads to provide 
superior mechanical and electrical protection. 


— NATVAR CORPORATION 
bs 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
Telephone TWX Cable Address 
FULTON 8-8800 RAHWAY, N.J., RAH 1134 NATVAR: RAHWAY, N.J. 


207 RANDOLPH AVENUE © WOODBRIDGE, NEW JERSEY 


FEBRUARY 1961 Circle 170 on Inquiry Card 


dacs transformers manufactured 
by R T & E Corporation, Waukesha, 
Wisconsin, have established an out- 
standing reliability record. R T & E’s 
rigid engineering standards demand the 
best electrical design factors to maintain 
a safe insulation level even after years 


of heavy duty service. 


R T & Euses Natvar 400 extruded vinyl 
tubing to insulate transformer leads 
because of its excellent electrical prop- 


erties and resistance to oil and heat. 


If you need flexible electrical insulaticn 
with exceptional uniformity, electrical 
and physical characteristics, it will pay 
you to use Natvar — available through 


your wholesaler, or direct from us. 


Natvar Products 


Varnished cambric—sheet and tape 
Varnished canvas and duck—sheet 
and tape 

Varnished silk and special rayon— 
sheet and tape 

Varnished papers—rope and kraft— 
sheet and tape 

Varnished, silicone varnished and 
silicone rubber coated Fiberglas*— 
sheet and tape 

Slot cell combinations, Aboglas® 
Teraglas® 

Isoglas® sheet and tape 

Isolastane® sheet, tape, tubing and 
sleeving 
Vinyl coated and silicone rubber 
coated Fiberglas tubing and sleeving 
Extruded vinyl tubing and tape 
Styroflex® flexible polystyrene tape 
Extruded identification markers 

*TM (Reg. U.S. Pot. Off.) OCF Corp. 


We will be very happy to supply information 
on any of our products on request. 





Relays 


by 
Stromberg- 
Carlson 


Telephone-type 
quality ¢ reliability 
durability 


If you require reliable, durable, top quality 
relays in the equipment you manufacture, 
you're well advised to consider the relays 
made by Stromberg-Carlson. 

Hundreds of companies have found here 
the advantages based on our over sixty 
years of specialization in providing equip- 
ment and parts to the independent tele- 
phone world. 

What's more, we go beyond just the man- 
ufacture of relays. If you desire, we can also 
provide wired mounting assemblies. 

Our relays are available in a wide range 
of types, of which these are representative: 


TYPE A: general-purpose. Up to 20 Form 
“A” spring combinations. 


TYPE B: gang-type. Up to 60 Form “A” 
spring combinations. 


TYPE BB: upto 100 Form “A” springs. 


TYPE C: (illustrated) two on one frame. 
ideal where space is tight. 


TYPE E: characteristics of Type A, plus 
universal mounting. Interchangeable with 
other makes. 


Types A, B, and E are available in high- 
voltage models. Our assembly know-how is 
available to guide you in your specific ap- 
plication. 

Details on request from these Stromberg- 
Carison offices: Atlanta—750 Ponce de 
Leon Place N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)—2017 Grand Ave- 
nue; Rochester—1040 University Avenue; 
San Francisco—1805 Rollins Road. 


STROMBERG -CARLSON 


A OlVISION OF 


GENERAL DYNAMICS 
(MRM! 2. 2 EAE 
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BOOK Reviews 


Edited by Atice Mary Hiton, Associate Editor 


Physics and Microphysics, Louis 
de Broglie, Harper Torchbooks/The 
Science Library, Harper & Brothers, 
New York, 286 pages, $1.50. Trans- 
lated by Martin Davidson, with 
foreword by A. Einstein. 

This is essentially an authoritative es- 
say on the history and philosophy of 
contemporary attitudes and concepts in 
physics. The translation includes notes 
indicating the nature of any departures 
from the original and the reasons for 
them; certain chapters have been re- 
arranged and others summarized. 

A major theme running through de 
Broglie’s work and philosophy is the 
nature of the limitations of human per- 
ceptivity and the consequent necessity 
for dependence on experimental and 
statistical exploration of physical phe- 
nomena. —A.E.R. 


Getting the Most Out of Vacuum 
Tubes, Robert B. Tomer, Howard 
W. Sams and Co., Indianapolis, Ind. 
(1960), 160 pages, $3.50. 

An elementary discussion, intended 

primarily for service engineers, of the 

nature of faults in vacuum tubes, their 
detection and, if possible, prevention. 
—J.R.R. 


Engineering 
Standards 


ISA Standards 


The following Recommended Practice 
has been issued under a tentative 
status: 

ISA-RP 26.3, Devices with Electric 
Output Signals. Deals with dynamic 
response testing of process control in- 
struments. 

Copies are 50¢ to members and 75¢ 
to non-members of ISA and may be 
obtained from Instrument Society of 
America Technical Publications Dept., 
313 Sixth Ave., Pittsburgh 22, Pa. 


ASA Standards 
$1.1-1960, Acoustical Terminology, 
$4.50, predecessor Z24.1-1951. 

Nearly half of the revised standard 
is devoted to terms of application in 


Books Received 


Dynamics of a System of Rigid Bodies, E. 
J. Routh, Dover Publications, Inc., New 
York (1960), $2.35. 

A Compendium of Spherical Astronomy, 
Simon Newcomb, Dover Publications, 
Inc., New York (1960), $2.25. 

Mechanical-Electrical Equipment Hand- 
book for School Buildings, H. Terry, John 
Wiley & Sons, Inc., New York (1960), 
$9.50. 

A History of Mathematics, 2nd Edition, 
J. F. Scott, Taylor & Francis Ltd., Lon- 
don (1960), $7.15. 

Proceedings of Symposia in Applied Math- 
ematics, Vol. VI, Edited by John H. Cur- 
tiss, American Mathematical Society, 
Rhode Island (1956), $9.75. 

Proceedings of Symposia in Applied Math- 
ematics, Vol. VII, Edited by John H. 
Curtiss, American Mathematical Society, 
Rhode Island (1956), $5.00. 

Reciprocals of the Integers from 1000 to 
to 9999, T. H. Redding, Taylor & Francis 
Ltd., London (1960), $4.65. 

Management Organizations and the Com- 
puter, Edited by George P. Shultz and 
Thomas L. Whisler, The Free Press of 
Glencoe, Illinois (1960), $7.50. 

Thermoelectric Materials and _ Devices, 
Edited by I. B. Cadoff and E. Miller, 
Reinhold Publishing Corp., New York 
(1960), $9.75. 


acoustics. After a general section of 
68 terms, a new section on levels brings 
together many of the terms for quan- 
tities for which the decibel is the unit; 
the sections include oscillation, vibra- 
tion and shock; transmission-propaga- 
tion; transducers; and sonics. 

Copies are available from the Ameri- 
can Standards Association, 10 E. 40 
St., New York 16. 


Ferrite Standards 


34-60, Recommended Specification for 
Transformer Cores of Ferro-Magnetic 
Oxides for Telecommunication, 50¢. 

The specification applies to E, I, L, 
U, and pot cores for transformers, with 
the exception of power transformers. 
Characteristics considered include maxi- 
mum turn factor, total losses, tempera- 
ture constant, instability and reversible- 
turn factor. Measuring and _ testing 
methods are detailed. 

Copies may be obtained from Ferrite 
Manufacturers Association, 60 E. 42 
St., New York 17. 
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Generators, Converters 
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belt guard 


rectifier unit 
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high-frequency heavy welded EAL 
TE aM Ld steel base ard ya A 
CALLE La 


360 to 3300 cycles 


R&M package high cycle generators 
provide dependable current beyond maces frequency 
the practical range of frequency con- converters 
verters. Rugged revolving field con- 120 to 420 
struction is used in ratings of 1500 cycles and lower. ; 
Ratings above 1500 cycles are brushless inductor design. cycles 
Excitation of DC alternator field is provided by simple P 
silicon rectifiers, protected against short circuits by time- 
delay fuses. For changing output frequency, R&M can 


furnish variable pitch pulleys or variable speed drives. 
R&M’s low-cost frequency converters make 220 volt-3 
phase-120 through 420 cycle power available from 60 
cycle supply .. . rated 2’2KW (horizontal construction) 
5, 7% and 10KW (vertical). 


Write today for bulletin 515A-ET! 
ROBBINS & MYERS, INC., Springtieia, onio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moynog Industrial Pumps 
Propellair, Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontorio. 
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As manuscripts are projected for 
publication in each issue of ELec- 
TRO-TECHNOLOGY, the board of edi- 
tors determines which editorial arti- 
cles are to be made available to 
readers in reprint form. 

Available reprints of articles in 
this and previous issues are briefed 
here. Any regular E.ectro-TEcu- 
NOLOGY reader qualifies for one copy 
of all single-article reprints, without 
charge. 


The numbers at the head of re- 
print listings correspond to the 
numbers on the postcards incorpo- 
rated in the Reader Inquiry Service 
Section at the end of the book. 


() 915—Advances in Magnetism and Mag- 
netic Materials, February 1961, 9 pages. 
A report on current advances in magnetic 
materials and their impact on design 
engineering, from the Sixth Annual Con- 
ference on Magnetism and Magnetic 
Materials co-sponsored by AIEE and AIP. 
Selected papers relating to the design en- 
gineering function are reviewed and in- 
terpreted: theoretical aspects, thin metailic 
films, oxides, high coercive force materials, 
metals and alloys, soft magnetic materials. 
Text supported by charts and graphs. 


(J) 945—Network Synthesis—Some Notes on 
the Synthesis of RLC Transfer Functions 
and Constant-Resistance All-Pass_ Lattice 
Networks, February 1961, 2 pages. The 
basic principles of network synthesis, as 
presented in the January 1961 issue Science 
& Engineering article, are applied to the 
synthesis of RLC transfer functions and 
constant-resistance all-pass lattice networks. 


(1) 946—Reliability through Redundancy and 
Error-Correcting Codes, February 1961, 8 
pages. The problem of reliability assumes 
serious proportions whenever numerous 
hardware components and transmission of 
large amounts of data of an informational 
and control nature are involved. Beyond the 
very definite limits of improving of com- 
ponents, the problem must be attacked by 
use of redundant components and circuits. 
Principles of redundancy in equipment and 
coding in data transmission are discussed 
and examples given. 


C) 913—Editorial Index to Electro-Tech- 
nology (formerly Electrical Manufacturing) 
for 1960, 24 pages. This yearly subject- 
classified index is completely annotated, in- 
cludes author index, plus separate indices 
for Editorial page, Design Trends, and Re- 
search Notes departments. Also reproduces 
the ELECTRO-TECHNOLOGY Subject Classifica- 
tion and Alphabetical Subject Cross Index 
which form the basis of the index system. 


0 906—Bessel and Gamma _ Functions, 
January 1961, 12 pages. Basic principles of 
Bessel and gamma functions and applica- 
tions. Bessel’s equation and the Bessel func- 
tion, recurrence relationships, the general- 


160 


“ 
Editorial REPRINTS Available 


Readers should circle those numbers 
which correspond to the reprints 
desired. 

If multiple quantities of these re- 
prints are desired, the rates to 
govern are indicated below. Remit- 
tance must accompany all orders. 
Larger quantities, special quotation. 


Cost of Single-Subject Reprints 


No. of 
Reprints 4-12 


Gratis Gratis 
$2.00 $3.75 
3.75 6.00 
7.50 12.50 


Number of pages 
16-32 


ized form of Bessel’s equation, the gamma 
function, solution to Bessel’s equation and 
the Bessel functions of the first and second 
kind, modified Bessel functions and the 
method for deducing recurrence relation- 
ships, or basic identities. 


() 904—The Technique of Transformer 
Design, January 1961, 8 pages. For power 
transformers, including those for rectifier 
circuits, the details of design from lamina- 
tion selection through thermal aspects are 
presented. Design examples demonstrate the 
methods; dimensional and magnetic data for 
stock laminations are included. 


0 952—Bibliography — Computing Ma- 
chines in Control Systems, December 1960, 
1 page. A selected listing of articles and 
books in the literature providing a back- 
ground for ELECTRO-TECHNOLOGY’S new se- 
ries on Computing Machines in Control Sys- 
tems—THE Forum. 


O 932—Iron-Core Devices: Evaluation of 
Variable Parameters, December 1960, 5 
pages. Circuit “constants” which are actu- 
ally functions of frequency, current, and 
other circuit conditions must be evaluated 
by measurement, as departure from con- 
stancy may be to a major degree. Methods 
outlined for measurement of iron-core device 
inductance and resistance and for orderly 
extrapolation of test results for analytical 
use. 


0 914—Machine Tool Electrical 
Standards (NMTBA), June 1960, 18 
pages plus cover. First revision since 
March 1956 of the Electrical Stand- 
ards sponsored by the National Ma- 
chine Tool Builders’ Association. 
Present version proposed September 
1, 1959 and adopted with interim re- 
visions January 25, 1960. (See also 
JIC Electrical Standards for Indus- 
trial Equipment, Reprint 924.) Single 
reprints, no charge. Multiple quanti- 
ties may be obtained at the following 
prices: 5-$3.75; 10-$6.00; 25-$12.50; 
50-$20.00; 100-$30.00. Send check 
with order payable to ELEcTROo-TEcH- 
NOLOGY. 


© 910—Survey of Power Transistors, De- 
cember 1960, 6 pages. Listing of all tran- 
sistors (made by 18 companies) rated for 
max collector current of 1 amp and over. 
Characteristics given include forward current 
transfer ratio and collector breakdown cur- 
rent. Possible applications for each type 
included. 


0 936—Static Magnetic Frequency Multi- 
pliers, November 1960, 9 pages. The modes 
of operation and typical circuits of fre- 
queacy multipliers using saturating magnetic 
cores. New lamination materials and recti- 
fiers have made possible new orders of 
efficiency for this well-known principle. 


0 909—Variability in Functional Aging of 
Mylar Polyester Film for Hermetic Motor 
Application, November 1960, 5 pages. Tests 
show that commercial grades of Mylar poly- 
ester film age satisfactorily as slot insulation 
in hermetic motor systems. Classical tests 
such as density, viscosity, extractables and 
shrinkage are described, as well as a set of 
functional aging test procedures under simu- 
lated conditions. 


© 912—Analog Computation and Analog 
Machines, November 1960. 10 pages. Analog 
machines measure analogous relationships. 
Continuous computation, principles of oper- 
ation, and various functional components 
are described. A survey of typical machines 
on the market is presented, plus applications 
for the design engineer, the role of the 
analog machine in control systems, and 
hybrid systems. 


(1) 940—Application of Electrical Insulation 
by the Fluidized-Bed Process, October 1960, 
5 pages. Advantages and limitations of the 
new fluidized-bed process for applying elec- 
trical insulation to components and equip- 
ments. The process is explored with respect 
to design engineering and economics. Prac- 
tical applications in new designs are devel- 
oped. 


0 918—Modular Flow Graphs for Network 
Analysis, October 1960, 9 pages. Statement 
of rules for the manipulation of simple flow- 
graph forms, and a definition and descrip- 
tion of basic modules for simple two-port 
networks. The modular concept is expanded 
to include flow graphs representing three- 
terminal devices. These are used as modules 
to construct more complex flow graphs. 


[J 930—Analytical Methods for Permanent- 
Magnet Design, Parts 1 and 2, September 
and October 1960, 19 pages. Physics of 
permanent-magnet behavior and design 
methods for open-circuit, permanent-magnet 
structures, followed by the more complex 
considerations involved in small air-gap 
magnet designs. The use of electrical network 
analogy methods is explored; examples sup- 
port all the design method discussions. 


0 903—Practical Graphs and Nomographs, 
September 1960, 12 pages. Description of 
the various kinds of graphs and nomographs 
(with emphasis on the latter) which can be 
used to record and display data. Specific 
instructions for constructing nomographs, 
including pivoted, unevenly spaced, and “N” 
types. 


0 951—Radiation Effects on Electrical In- 
sulation, September 1960, 7 pages. Basic 
parameters of design in relation to the 
nuclear environment are investigated and 
illustrated in respect to the selected mate- 
rials involved. Electrical properties of insu- 
lating materials and changes in these prop- 
erties due to nuclear radiation energies are 
examined. 
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0 947—The Postulates of Boolean 
Algebra in the Languages of English 
Words, Mathematics, Logic, Engi- 
neering, Geometrical Diagrams, Cir- 
cuit Diagrams, and Truth Tables, 
April 1960. This 11 x 17 in. wall 
chart (from the April 1960 Science & 
Engineering insert) contains a com- 
pilation of the fundamental laws of 
Boolean algebra: the Laws of Com- 
bination, the Laws of the Unique 
Elements, and the Laws of Negation. 
Tabulation provides an at-a-glance 
“translation” from one symbolism to 
another, also the conversion from 
sums to products (and vice versa). 


() 911—Flat-Conductor Flexible Cables and 
Connectors for Flat-Conductor Flexible 
Cables, August and September 1960, 12 
pages. Part I includes cabling techniques 
and performance of flat-conductor flexible 
cables. Data are given on load-carrying 
capabilities, crosstalk, r-f attenuation, and 
on shielding techniques. Part II discusses 
application techniques and describes pre- 
ferred methods for cable termination and 
connection. 


O 907—Designing Passive and Tunnel- 
Diode Networks, August and September 
1960, 14 pages. The use of modern syn- 
thesis techniques for realizing prescribed 
frequency characteristics by dissipative pas- 
sive networks and by amplifier networks 
containing tunnel diodes is described. Pre- 
distortion and reverse predistortion are ex- 
plained. Examples of uniform and non- 
uniform reverse predistortion are presented. 


© 901—Function Generators Using the Hall 
Effect, August 1960, 3 pages. The funda- 
mental voltage and geometrical relations of 
the Hall effect are presented. The possibility 
of using the Hall phenomenon for angular 
function generators is investigated, and the 
various potential characteristics of such gen- 
erators considered. 


0 908—Tightening and Testing Torque 
Values for Small Machine Screws, August 
1960, 4 pages. Practical, usable tables giving 
safe torque values for tightening and testing 
various sizes of steel screws in several differ- 
ent metals and laminated phenolic. 


0 950—Magnetic Amplifier Output Circuits, 
August 1960, 5 pages. A straightforward 
method for comparative evaluation of com- 
plex reversible-half-wave and reversible-full- 
wave magnetic amplifier circuits as building- 
block arrangements of basic half-wave self- 
saturating circuits. Figures of merit are 
given for over 50 output combinations. 


( 929—Errata Sheet for Basic Differential 
Equations, July 1960 Science & Engineering 
feature. To correct the error affecting Ex- 
amples 10 and 12 in this article (pages 100, 
101 and 102). 


O 902—Critical Criteria for Precision 
Gears, July 1960, 9 pages. In selecting gear 
parameters for application in control sys- 
tems and in data handling (computers), fac- 
tors weighed include tolerances, gear quality 
classes, choice of pressure angle and of 
pitch, minimum number of teeth, and gear 
cutting factors. 


O 919— Nuclear Radiation Damage to 
Transistors, July 1960, 9 pages. A report on 
the effects of nuclear radiation on n-base 
germanium, p-base germanium, n-base sili- 
con, and p-base silicon transistor types tested 
in an environment equivalent to that of a 
nuclear explosion. The mechanism of dam- 
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age is explained and data analysis for radia- 
tion damage is given in graphs and charts. 


O 931—Relay Field Data Invited for 
Standards Program, July 1960, 7 pages. A 
report on the Eighth National Relay Con- 
ference, with emphasis on the objectives and 
progress of the Relay Testing Committee. 
Five award technical papers are summarized. 


O 916—Logic—and the Principles of Pro- 
gramming, July 1960, 8 pages. Programming 
techniques are based upon the principles of 
logical reasoning, expressed by a Boolean 
algebra, and the propositional calculus. 
Automatic programming and machine lan- 
guages—designed for the engineer who has 
little knowledge of digital computers and 
who wants to write his own programs— 
are presented. Examples given. 


0 926—Plastics Molding Materials for Struc- 
tural and Mechanical Applications, May 
1960, 11 pages. A review of plastics molding 
materials, based on structural and mechani- 
cal properties and design parameters. Newer 
materials described. Significance of test 
methods discussed. 


© 944—Control System Representa- 
tions, December 1959, 3 pages. A 
chart showing seven basic control- 
system element classifications and 
their various common representations, 
including transfer functions, equiva- 
lent analog computer circuits, Bode 
diagrams, Nyquist diagrams and time 
constants. This chart is now being 
included in the combined reprint of 
the recent series on “Automatic Con- 
trol System Design” (see p 164). 


© 920—Materials and Techniques for Mi- 
crominiaturization (Parts 1 and 2), May 
and June 1960, 16 pages. The past, present, 
and future state-of-the-art of microminia- 
turization. Covers the reduction in size and 
weight of all subminiature electronic com- 
ponent parts including: substrates, conduc- 
tors, resistors, capacitors, protective cover- 
ings, inductors, solid-state diodes and 
transistors. 


© 949—How to Make Basic D-C Measure- 
ments, May 1960, 14 pages. Starting with a 
description of the standard resistor and the 
standard cell, this guidebook-type article 
shows in detail how direct-reading and uni- 
versal ratio sets can be calibrated by boot- 
strap methods, also how instrument poten- 
tiometers can be calibrated using the stand- 
ard cell and a universal ratio set. 


© 935—Precision Ball Bearings for Elec- 
tromechanical Instruments, May 1960, 4 
pages. Application factors in representative 
types of critical instruments such as servos, 
resolvers, gyro gimbal bearings and gyro 
spin motors. Bearing design, materials, lu- 
bricants, loading, life expectancy and fits are 
discussed, as related to bearings approxi- 
mately 1 in. OD and smaller. 


O 941—Thermoelectric Heat Pumps, May 
1960, 6 pages. A two-in-one report on the 
cooling ability of commerical thermoelectric 
devices (3M and Westinghouse). Basic ele- 
ments of custom-designed semiconductor- 
type heat pumps and packaged component 
coolers are described. Problem examples. 


O 933—Copper and Copper Alloys—Their 
Properties and Design Applications, April 
1960, 9 pages. Applications of materials to 
design parameters are illustrated and devel- 
oped as related to the design needs of 
electronic equipment and systems. 


0 934 — Distributed - Parameter Networks 
for Microminiaturization, April 1960, 6 
pages. An exploration of possible network 
characteristics obtainable by the method of 
sandwiched layers of conducting, dielectric 
and resistive films. By employing the distrib- 
uted network concept, circuit performance 
unobtainable with lumped-parameter ar- 
rangements can be achieved. 


(0 925—Electromagnet Coil Design Charts, 
March 1960, 3 pages. Using AWG wire size 
as the basic parameter, time-saving coil de- 
sign charts minimize the error hazard in 
repetitive routine computations. Data pre- 
sented in graphic form apply to layer- 
wound coils and, within certain limits, to 
random windings. Derivations and examples 
of use included. 


O 928—Magnetism Research Pushes New 
Engineering Developments (Parts I and II), 
February and April 1960, 20 pages. Design 
significance of research progress reported at 
the Fifth AIEE Conference on Magnetism 
and Magnetic Materials on: basic phenome- 
na, soft magnetic materials, permanent 
magnets, microwave components, computer 
elements and instrumentation devices. 


0 921— Powder Metallurgy Parts — Their 
Advantages in Design, March 1960, 9 pages. 
Advantages of powder-metallurgy techniques 
in design of electrical and electronic com- 
ponents. Properties and other design par- 
ameters are explored and illustrated. 


O 905—The Esaki “Tunnel” Diode, Feb- 
ruary 1960, 12 pages. Theory of operation 
of this negative-resistance semiconductor is 
explained in terms of the wave-like proper- 
ties of electrons. The diode’s small-signal 
behavior, its application as a low-noise am- 
plifier, and its noise figure of merit are ex- 
amined. 


0 943—P-N-P-N Four-Layer Diodes in 
Switching Functions, January 1960, 7 pages. 
Theory of operation of two-terminal tran- 
sistor-like devices which can be switched by 
changing the voltage across them or the cur- 
rent through them. Applications include 
pulse generators and core drivers, ring coun- 
ters and multivibrators. 


0 937—Effects of Temperature on A-C 
Magnetic Properties of Nickel-Iron Alloys, 
December 1959, 6 pages. In the second half 
of a two-part study, results are reported in 
the form of curves for 60, 400, and 1000 
cps describing variation of core loss per 
unit of weight and rms exciting volt-amperes 
per unit of weight as temperature varies. Six 
alloys are reported for the temperature 
range —60 to +250 C. 


O 922—Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. Internal 
standards for the electronic portions of ma- 
chine control systems, prepared by General 
Motors Corp., to be used in conjunction 
with the JIC Standards for Industrial Equip- 
ment (see Reprint 924). 


O 924—JIC Electrical Standards for 
Industrial Equipment, June 1957, 24 
pages. Revised specifications for ap- 
plication of electrical apparatus to 
machine tool and other industrial 
equipment, as adopted by the Joint 
Industry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities may be 
obtained at the following prices: 5— 
3.75; 10—$6.00; 25—$12.50; S0— 
$20.00; 100—$30.00. Send check with 
order payable to ELEectro-TECHNOL- 
ocy, 205 East 42 St., New York 17. 





Science & Engineering Reprints 


Reprints of special Science and Engi- 
neering articles or of compendiums into 
which are combined several separate 
articles on the same or related subjects 
are available at the nominal prices indi- 
cated in each listing. For ordering con- 
venience, use the handy Order Form 
on facing page. Orders must be ac- 
companied by remittance (either in 
cash or check). Please add 3% City 
Sales Tax on orders for New York City 
delivery. Make checks payable to ELrEc- 
TRO- TECHNOLOGY. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 
available on request. 


Reprint Title 5 25 
All regular $1.00 reprints $.90 $.75 
Electrical Insulation—1960 1.80 1.60 
Automatic Control Systems 2.00 -- 
Boolean Algebra 1.80 1.60 
Casting Resins 1.50 


() Fundamental Nature of Electrical Break- 
down, February 1961, 20 pages. The 
phenomenon of electrical breakdown is ex- 
amined in its various aspects, beginning with 
classical theories of mechanisms of break- 
down and concluding with consideration of 
the influence on breakdown of the nature 
of the dielectric (primarily electron behavior 
and molecular structure). Practical design 
implications are drawn from theoretical dis- 
cussion; physical illustrations and analogies 
are used, in addition to mathematical deri- 
vations. Basic concepts discussed are drawn 
from phenomena of breakdown in gases— 
applicable to explanation of breakdown in 
liquids and solids. $1.00 


() Introduction to Network Synthesis, Janu- 
ary 1961, 20 pages. Basic characteristics of 
network synthesis are presented and syn- 
thesis for optimum results and exact solu- 
tions is demonstrated. Frequency-domain 
synthesis of passive lumped-constant net- 
works is stressed. Includes synthesis of 
simple driving-point functions by recogni- 
tion, realizability conditions of network func- 
tions, approximation of a given curve by 
an appropriate rational function, related 
problems. $1.00 


0 Electrical Insulation Deterioration, De- 
cember 1960, 8 pages. Nature of thermally 
accelerated deterioration of electrical insula- 
tion (and other organic materials, such as 
plastics) discussed from viewpoint of prac- 
tical design engineering parameters. Among 
other aspects, relationship between deterio- 
ration process and equipment and systems 
reliability is analyzed. $1.00 


© Electrical Noise, November 1960, 20 
pages. Major types and origins of electrical 
noise and the effects of noise on system 
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behavior. Examples given of techniques for 
evaluating system performance in terms of 
noise sensitivity and reduction. Emphasis on 
concept of noise as a random process, as 
distinguished from systematic or periodic 
interference. $1.00 


0 Number—The Language of Engineering, 
October 1960, 16 pages. The theory of num- 
bers is concerned with the properties of 
integers and is used by the engineer for a 
wide range of problems, such as: the use 
of the sawtooth function to synthesize all 
types of discontinuous waveforms, the repre- 
sentation of an integer as a sum of squares, 
etc. $1.00 


Special Combination Offer 


© Electrical Insulation — 1960, De- 
cember 1960, 52 pages, special Re- 
search and Application Report. Con- 
tains three major articles: Dynamic 
Mechanical Properties of Plastics 
Dielectric Materials, Advances in 
Flexible and Semi-Rigid Electrical 
Insulating Materials, and Research 
Progress in Dielectrics—1960. Plus: 
other articles on ultrathin films, ca- 
pacitor dielectrics, European applica- 
tion practice, international standards, 
insulation application problems and 
trends. Offered in combination with 
regular December 1960 Science & 
Engineering article, Electrical Insula- 
tion Deterioration. $2.00 


© The Nature and Control of Corrosion, 
September 1960, 12 pages. A basic study of 
the causes, mechanics and chemistry of cor- 
rosion. Methods for prevention are outlined. 
Design considerations and types of materials 
and treatments are interpolated for control 
of specific types of corrosion encountered in 
engineering design. $1.00 


0 Microwaves—Principles and Devices, Au- 
gust 1960, 24 pages. Basic laws and equa- 
tions of electric and magnetic fields. Propa- 
gation of microwaves in various media, in- 
cluding two-conductor, round and square 
waveguides. Principles are applied to the de- 
sign and use of the slotted line, the dummy 
load, rotary joints, and preselectors. $1.00 


0 Basic Differential Equations, July 1960, 
20 pages. First-order differential equations 
(method of separation of variables, the inte- 
grating factor, homogeneity), higher-order 
differential equations (the differential oper- 
ator, non-homogeneous equation, Picard’s 
method, solution of equations with variable 
coefficients by power series). Application to 
basic mass-spring-damper system through- 
out, with examples. $1.00 


© Digital Computing Machines, Oc- 
tober 1960, 24 pages. The funda- 
mental functional components of 
digital computing machines. Glossary 
of terminology. Tabulation of special 
world-wide survey of digital comput- 
ing machines presents essential char- 
acteristics of digital computing ma- 
chines in production and in advanced 
stages of development. Principles of 
operation and applications for design 
engineers. $1.00 


© Electrical Analogs for Mechanical Sys- 
tems, June 1960, 20 pages. System para- 
meters of dynamic states of mechanical 
systems are translated into electrical net- 
work equivalents. Reasoning behind the 
analog approach and the various analog 
forms. Included are discussions of the prin- 
ciple of duality of analog, reasons for choos- 
ing a circuit or its dual for a particular 
analysis, and the use of distributed-para- 
meter networks (long lines) to simulate 
certain mechanical elements. $1.00 


C) Introduction to Molecular Engineering, 
May 1960, 20 pages. An examination of the 
concept, principles and techniques of mo- 
lecular engineering in terms of its ultimate 
use in the design of equipment and systems. 
Part I defines molecular engineering as the 
application of molecular behavior to the de- 
sign of materials and devices of prescribed 
characteristics. Part If examines the ele- 
ments of the classical macroscopic approach 
to the behavior of materials as well as the 
microscopic or molecular approach. Part III 
provides extended examples of molecular 
engineering in the areas of electrical insula- 
tion, microwave amplifiers, thin-film devices 
and microminiature electronics function 
blocks. $1.00 


O Logic—and Switching Circuits, April 
1960, 36 pages. The fundamental principles 
of logical reasoning, contained in Aristotle's 
syllogism, develeped into the Boolean alge- 
bra and the logistics of the Principia Mathe- 
matica, and applied in circuit design and 
computer programming, are developed. The 
basic postulates are tabulated in their verbal, 
algebraic, diagrammatic, and circuit-schem- 
atic form. The article deals with methods 
applied to solve the problems of circuit 
synthesis and the fundamental ideas which 
can be applied to the design of the most 
complex circuitry. $1.00 


© Transformer Materials for Extreme 
Environments, March, April, May 
and June 1960, 28 pages. A series of 
four articles interpreting research and 
development on small transformers 
designed to operate under extreme 
environments of 500 C temperature 
and nuclear radiation. Work carried 
out under Air Force and Bureau of 
Ships contracts presents data on: 
electrical insulation materials, magnet 
wire (both wire and insulation), mag- 
netic core materials, and transformer 
structural materials. $1.00 


0 Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. Basic 
principles of radiation and detection (includ- 
ing Wien’s Law, Rayleigh-Jeans Law) are 
explained. Effect of infrared on metals, ionic 
crystals, and semiconductors. Various types 
of sources, windows, prisms, detectors, and 
spectrographs are discussed qualitatively. 
Also includes theory of use of infrared in 
practical applications. $1.00 


() Thermoelectric Effects, February 1960, 
16 pages plus cover. Basic theories as devel- 
oped by Seebeck, Peltier and Thompson 
(Kelvin) are brought up to date in the light 
of new semiconductor thermopile com- 
pounds. Thermoelectricity is discussed from 
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free-electron and thermodynamic points of 
view. Four basic applications of thermo- 
electric phenomena are considered: power 
generation, heating, cooling, and temperature 
sensing. $1.00 


O Network Analysis, January 1960, 28 
pages plus cover. A discussion of present- 
day practices in network engineering and 
their theoretical background. Network the- 
ory as a coherent and unified study is 
stressed, as contrasted with the less power- 
ful and less useful traditional approach to 
circuits which involve isolated and unrelated 
“methods” of analysis. $1.00 


© Determinants and Matrices, December 
1959, 20 pages plus cover. The principles 
treated apply to all problems involving 
numerous mathematical statements. In- 
cluded are specific rules for the use of 
determinants for solving systems of simul- 
taneous equations, including refinements of 
the basic procedures to apply to higher- 
order systems, and the underlying principles 
of matrix algebra. Examples demonstrate 
the time- and error-saving advantages of 
these two forms of mathematical short- 
hand. $1.00 


© Sampled-Data Systems, November 1959, 
20 pages plus cover. An introduction to the 
analysis of closed-loop control systems in 
which the input or error signal is periodi- 
cally sampled (rather than continuously 
connected) as by a sampling switch. Pre- 
sents impulse-response, frequency-response, 
p-transform and z-transform methods. Shows 
how to plot Nyquist, Bode and root locus 
diagrams with z transforms. Use of the nor- 
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ORDER FORM 


Electrical Noise 


Digital Computing Machines 
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Network Analysis 


Please enclose remittance 
(cash or check) with your order. 


Add 3% City Sales Tax 
for New York City delivery. 


Fundamental Nature of Electrical Breakdown ... 
Introduction to Network Synthesis . . 

Electrical Insulation Deterioration 
Combination: Electrical Insulation — 1960 . 


Number — The Language of Engineering ....... iieioanibs 


The Nature and Control of Corrosion .......... niintioon 
Microwaves — Principles and Devices .......... ‘les 
Basic Differential Equations ................... POE eae 
Electrical Analogs for Mechanical Systems ..... iain 
Transformer Materials for Extreme Environments . . 
Ring Binder for Science & Engineering Reprints . . 
Introduction to Molecular Engineering ......... 

Logic — and Switching Circuits ............... is 


Infrared — Fundamentals and Techniques ....... cniesitiiaaiaae 
Thermoelectric Effects ............ 


malized sT plane for analyzing sampling 
adequacy, “pseudo-sampling” for determin- 
ing between-sample response and the use of 
the z transform for table-generating func- 
tion. $1.00 


© Low-Noise, Solid-State Microwave Am- 
plifiers, October 1959, 16 pages plus cover. 
Basic quantum mechanical principles under- 
lying the operation of paramagnetic MASER 
amplifiers (including ammonia gas, two- 
level solid state, three-level solid state and 
optically pumped devices) and parametric 
MAVAR amplifiers (both semiconductor and 
ferromagnetic types) plus a brief introduc- 
tion to the tunnel-diode amplifier. $1.00 


O Digital Methods in Measurement and 
Control, September 1959, 20 pages plus 
cover. Covers: (1) characteristics and ad- 
vantages of the digital approach; (2) basic 
principles of coding, sampling and quantiz- 
ing; (3) digital components and techniques 
for logic and information storage; (4) dig- 
ital measurement devices; (5) digital con- 
trol actuators. $1.00 


© The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The fun- 
damental science of polymeric materials is 
related to design engineering properties of 
plastics. Discussion covers: the molecular 
formation of polymers; the chemistry of ad- 
dition and condensation polymers; the theo- 
retical basis for mechanical, electrical and 
chemical properties of polymers. $1.00 


© The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages 
plus cover. Contents include discussions of 
the following: Electrostatics; Electric Fields 
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in Free Space; Electric Induction; Capaci- 
tance; Mechanical Considerations; Field Ef- 
fects in Devices. $1.00 


O The Fundamental Nature of Shock and 
Vibration: Theory, Character, and Mecha- 
nism of Damage, Principles of Testing, June 
1959, 20 pages plus cover. The major types 
of vibration are discussed (periodic, random, 
structural and airborne); also the major 
types of shock (velocity, simple impulse, 
single complex and multiple). A section is 
devoted to the effects of shock and vibration 
on missile electronic components. Types of 
damage are analyzed; principles of testing 
given; specifications summarized. $1.00 


O Ring Binder for Science & Engi- 
neering Reprints. Readers who want 
to keep their reprint copies of the 
monthly Science and Engineering fea- 
ture both safe and handy will want 
this maroon-colored binder made of 
flexible, Morocco-grained leatherette 
stamped in gold. The standard 1%-in. 
rings will accommodate about twenty 
S & E reprints. $2.50 


O Key to Metals in Design Engineering, 
May 1959, 24 pages. Basic principles of 
metallurgy and structural characteristics of 
metals are related to design concepts. The 
effects of environment and mechanisms of 
damage are illustrated. Iron and steel, alu- 
minum, precious and rare metals, copper, 
nickel and magnesium are presented in their 
basic design relationships to fundamental 
properties. $1.00 
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© Heat Flow Theory, April 1959, 20 pages. 
Basic equations for conduction, convection 
and radiation are derived. Dimensional anal- 
ysis used to establish the parameters and the 
various “numbers” (Reynolds, Prandtl, Nus- 
selt, Graetz, etc.) involved in convection 
expressions. Examples chosen from elec- 
trical and electronic (transistor) applica- 
tions. $1.00 


© Fundamentals of Ferromagnetism, March 
1959, 32 pages. A new approach to the 
study of magnetism, derived from modern 
solid-state physics. Includes: Origins of 
Ferromagnetism, Internal Structure of Fer- 
romagnetic Materials; Magnetization Curves; 
Time Effects in Soft Magnetic Materials; 
Effects of Atomic Ordering in Alloys; Inter- 
actions for Heterogeneous Systems. $1.00 


O Using Fourier Analysis in Design, Feb- 
ruary 1959, 16 pages. A thorough theoretical 
background on Fourier analysis is presented 
plus a discussion of the areas of application 
with specific examples to point up particular 
problems often encountered. Permits system 
devices to be designed or selected for a par- 
ticular transient performance on basis of 
steady-state sinusoidal action. $1.00 


————— COMPENDIUMS ———- 


© Automatic Control System Design, 64 
pages plus cover. A practical textbook on 
the design of servomechanisms. In the proc- 
ess of describing design by transfer function, 
system equation, and root-locus methods, 
techniques of analysis such as Bode dia- 
grams, Routh’s criterion, and Nyquist plots 
are also presented. Includes background 
material on complex variables and Laplace 
transforms, bibliography for further study. 
Originally published in ELEcTRICAL MANU- 
FACTURING as a series of six articles. $3.00 


O Engineering Applications of Boo- 
lean Algebra, 68 pages. A design 
guide to the analysis and synthesis of 
switching circuits and logic systems 
— both combinational and sequential 
—in any medium: mechanical, elec- 
trical, hydraulic, electronic or solid 
state. Includes five previously pub- 
lished articles plus a never-before- 
published appendix. $2.00 


©) Slide Rule Mathematics, 20 pages, plus 
4 practice slide rules printed separately. 
Logical development of the slide rule’s fun- 
damentals and complete concise instructions 
for its use. Major topics include: The Basic 
Slide Rule; Variations on Basic C-D Opera- 
tion; Trigonometry; The Log-Log Scales; 
Vector Diagrams; Hyperbolic Functions; 
Phasor Calculations; The Circular Slide 
Rule. $1.00 


© Five-Year Annotated Editorial Index to 
Electrical Manufacturing, 60 pages. A short- 
cut to research for design engineers. Book 
lists, by functional subject classification and 
with succinct annotations, every feature 
article and major “Design Trends” short 
article published in ELecrricAL MANUFAC- 
TURING during the 5-year period from 1951- 
1955. $1.50 


O Casting Resins and Application Tech- 
niques, 52 pages. Eight previously published 
articles dealing with the embedment, encap- 
sulation, and impregnation of circuit units 
and components. Articles cover: property 
data on casting resins; evaluation tests on 
resin systems; resuits of environmental tests; 
process control problems. $2.00 
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MIND OVER MOTOR 


This phenolic fan will help an electric 
motor run cool and quiet for years to 
come. 

It won’t warp out of shape if the mo- 
tor toils for hours in the hot sun or sits 
idle for days in a damp cellar. It won’t 
rattle or hum. 

To the men who make the motor, it 
means a better product; the right blade 
contour with no machining. Precise 
concentricity and balance, molded in. 
Light weight. 

Perhaps you could use these advan- 
tages of Durez phenolic in one of your 
products. Your custom molder will be 
glad to talk with you about it. 


THE BROWN-BROCKMEYER Co. 


DECAR PLASTIC CORPORATION 


LESSON IN LAMINATES 


Think back—to a classroom of desks 
with varnished ink-stained tops gouged 
with the initials of your predecessors. 

Then think ahead, as the makers of 
school furniture are doing. They use 
tough plastic Decarlite desk-top sand- 
wiches—laminates that take pupil pun- 
ishment in stride. The best of these 
have a layer of Durez phenolic in them. 

Lesson for today: if you want a lam- 
inate to be stiffer and harder, to be di- 
mensionally stable, to last longer and 
hold its shape better, think of Durez 
phenolic resins. They’re low in cost. 
They bond, impregnate, harden—and 
stay that way for keeps. If you’d like to 
know more about what these versatile 
resins can do for you, write us describ- 
ing the problem. 


BRAIN FOR A BOMBER 


This is a read unit of a latitude data 
computer, part of the B-52’s intricate 
bombing-navigation system made by 
IBM. 

Engineers had trouble molding one 
part (arrow). They were using a plas- 
tic which required a high molding pres- 
sure. This high pressure damaged the 
steel part of the pin assembly by forcing 
it into the locating portion of the mold. 

A switch to a Durez diallyl phthalate 
molding compound was the answer. 
This material molds at lower pressures 
and provides the right physicals with 
virtual freedom from cold flow and 
creep. 

When you want reliability in a sys- 
tem—with no room for compromise—a 
Durez diallyl phthalate compound may 
be your solution, too. For data on these 
premium-quality materials, write us or 
check the coupon. 


1BM FEDERAL SYSTEMS DIVISION 


For more information on Durez materials mentioned, check here: 
(1) Phenolic molding compounds—descriptive Bulletin D400 

C-) Phenolic resins—illustrated bulletin describing uses 

C) Diallyl phthalate molding compounds—data sheets 

Clip and mail to us with your name, title, company address. 
(When requesting samples, please use business letterhead.) 


DUREZ p.iastics DIVISION 


1302 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 


aa 


CHEMICALS 
PLASTICS 
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LITERATURE for the Design Engineer 


All-new listings of manufacturer’s literature just off the press . . 


. including 


catalogs, manuals and other reference publications relating to components 


and materials for designed-in use in electrically energized end products. 


SEMICONDUCTORS 


Short-form catalog for Fall 1960 con- 
tains eight pages of technical charac- 
teristics for silicon and germanium 
diodes, transistors, filters and capaci- 
tors. Semiconductors are classified by 
applications such as power, computer, 
regulator or general purpose. Dimen- 
sion, material data also included. 
Hughes Aircraft Co., Semiconductor 
Div., Newport Beach, Calif. 

Circle 756 on Inquiry Card 


POWER TRANSISTORS 


Bulletin E-397 (five-pages) describes 
nine types of 85-watt p-n-p transistors: 
2N173, 2N174, 2N277, 2N278, 2N441, 
2N442, 2N443, 2N1099 and 2N1100. 
These can provide 30 watts Class A, 
100 Class B or 1000 watts in switching 
service. Collector, up to 100 volts. 
Signal current-gain achievable, 70 at 5 
amp. Max working current for all types, 
15 amp. CBS Electronics Information 
Services, 100 Endicott St., Danvers, 
Mass. 

Circle 757 on Inquiry Card 


SEMICONDUCTOR STRAIN GAGES 


Bulletin K-101, four pages, describes 
semiconductor gages that drive panel 
meters and relays directly without 
amplifiers. Four-arm gage bridge pro- 
vides output of 100 mv at total deflec- 
tions of 50 microin. Offers information 
on temperature-compensated gages; 
reference table lists gage character- 
istics. Kulite-Bytrex Corp., 50 Hunt St., 
Newton 58, Mass. 

Circle 758 on Inquiry Card 


TRANSISTOR DEVICES CATALOG 


Ten-page 1961 catalog includes semi- 
conductor, solid-state power supplies, 
i-f and audio amplifiers and solid-state 
rectifier transformers. Describes rec- 
order-amplifier, telephone-amplifier re- 
peater coils, and r-f detectors and 
tuners. Ferrotran Electronics Co., Inc., 
693 Broadway, New York 12. 

Circle 759 on Inquiry Card 


HEAT-SINK BULLETINS 

Bulletins HS-601-1, HS-501-1 and HS- 
502-1, each one sheet, give data, pic- 
tures and charts on Model 2601 forced- 
convection heat sink, Models 2501 and 
2502 natural-convection sinks. Thermal 
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resistance of Model 2601 at 150 cfm, 
0.7 C/watt. Models 2501 and 2502 
thermal resistances are 1.95 and 1.3 
C/watt, respectively. Astro Dynamics, 
Inc., 200 Sixth St., Cambridge 42, Mass. 

Circle 760 on Inquiry Card 


CERAMIC PLANAR TRIODES 


Bulletin PT-46 provides 32 pages of 
data on applications of GL-6442 and 
GL-6771 disk-seal triodes. Typical cir- 
cuit examples, design considerations 
and complete data on tubes are in- 
cluded. General Electric Power Tube 
Dept., Schenectady 5, N. Y. 

Circle 761 on Inquiry Card 


PHOTOMETRY AND CRT’S 


Application Notes AN-187 and AN-188 
contain data on photometry and picture 
tubes. AN-187 defines terms, symbols 
and units used in photometry, and gives 
their relationship to radiometric terms. 
AN-188 compares performance of pic- 
ture-tubes operated under cathode-drive 
and_ grid-drive conditions, outlining 
relative advantages of each. Commer- 
cial Engineering, Electron Tube Div., 
Radio Corporation of America, Harri- 
son, N. J. 
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HIGH-VACUUM TUBES 


Short-form catalog, four pages, de- 
scribes high-vacuum equipment for 
production and laboratory applications. 
Included are descriptions of gage 
tubes, controls and ion pumps. Hughes 
Aircraft Co., 2020 Short St., Oceanside, 
Calif. 
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MAGNETIC COMPONENTS 


Four-page product catalog briefly de- 
scribes precision magnetic components 
such as wave filters, magnetic ampli- 
fiers, molded transformers and special- 
ized coils and transformers. Tenco 
Electronics, Inc., 108 Cummington St., 
Boston 15, Mass. 

Circle 764 on Inquiry Card 


COAXIAL MICROWAVE FILTERS 


Four-page illustrated brochure de- 
scribes ganged or individually tuned 
coaxial resonant-cavity devices which 
operate over frequency range of 2.1 to 
5.9 kme. Detailed description is in- 


cluded on techniques used to accom- 
plish miniaturization, frequency stabi- 
lity, diplexing and mixing functions as 
well as special-system requirements. 
Waveline, Inc., Caldwell, N. J. 

Circle 765 on Inquiry Card 


TELEMETRY EQUIPMENT 
PORTFOLIO 


Portfolio contains 10 releases on multi- 
coders, commutators and d-c amplifier. 
Each sheet includes photograph and 
specifications. Items covered include 
30-channel 1- and 2-pole and 45x 20 
solid-state commutators and  multi- 
coders. Applied Electronics Corp. of 
N. J., 22 Center St., P. O. Box 43, 
Metuchen, N. J. 
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COMMUNICATIONS EQUIPMENT 


Product brochure, eight pages, presents 
information on earphone and micro- 
phone elements, headsets, handsets and 
transistor amplifiers. Product descrip- 
tion accompanied by illustrations. Roan- 
well Corp., 180 Varick St., New York 
14. 

Circle 767 on Inquiry Card 


DIELECTRIC BREAKDOWN TESTER 


Four-page bulletin contains application 
data, specifications and descriptions of 
PA series dielectric breakdown testers. 
Equipments meet ASTM, MIL and 
Federal specifications, provide manual 
and motor-drive voltage control, retain 
breakdown voltage reading. Voltage rat- 
ings from 15 to 100 kv. Industrial In- 
struments, Inc., 89 Commerce Rd., 
Cedar Grove, N. J. 

Circle 768 on Inquiry Card 


POWER MEASUREMENT 


Manual T-11 contains 38 pages of data 
on saturable reactors, used for measur- 
ing large amounts of power. Applica- 
tion data, charts, diagrams, specifica- 
tions and principles of operation are 
included. Control Div., Magnetics Inc., 
Butler, Pa. 
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REACTION TORQUE-METER 


Bulletin 110 (one sheet) describes 
Series PT meters for use with water 
brakes and other auxiliary-driven, 
power-absorbing devices, such as 
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Defining “Loss” in Wave- Filter Specifications 


There are two kinds of power-loss meas- 

urements of primary concern in filter 

work. These are called Transducer Loss 

and Insertion Loss. Because of their sim- 

ilarity, they are often used indiscrim- 

inately with the result that filter-design 
specifications are sometimes ambiguous. Much of this con- 
fusion can be eliminated when exact meanings of these two 
terms and differences between them are understood clearly. 
It is the purpose of this article to tie down meanings of the 
terms Transducer Loss and Insertion Loss. 


Filters Are Transducers 

A transducer is, by definition, any device that can receive 
energy from one system or systems and deliver it to another 
system or systems. A wave-filter is a transducer in the field 
of inductive components since it is capable of being actuated 
by waves from one or more transmission systems and of 
supplying related waves to one or more other transmission 
systems. 

Text and derivations that follow make reference to an 
ideal transducer. While, of course, there is no such thing as 
an ideal or theoretically perfect transducer, concept of such 
a device is most useful. An ideal transducer is defined as one 
that transfers the maximum possible power from source to 
load without dissipation of power. 

Such a hypothetical ideal transducer: (a) dissipates no 
energy; and (b) when connected between source and load pre- 
sents to each its conjugate impedance. Conjugate impedances 
occur when two connected networks have equal resistive com- 
ponents, and reactive components are equal in magnitude but 
opposite in sign (Rg = R, and X,=—X,). 


Transducer Loss 

Transducer Loss is the ratio of power which an ideal trans- 
ducer would deliver to a specified load from a specified source 
to the power delivered from the same source to the same load 
by the actual transducer. 

Transducer loss is determined as follows. Power relation- 
ships are derived from the elementary circuit diagrams of 
Figs. 1(a) and 1(b). 


ideo! 
Transducer 
Pertect Impedance 
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Dissipation 


Fig. 1 
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= 10 log T,) R, R, 


and, since Z, and Z, are conjugate by definition and Rs = R,, 
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Transducer Loss in db 


Substituting and clearing, 
Transducer Loss in db 
(E,)*Z,? 
=10l6g sae | (2) 


This article considers only the majority of cases where Zs 
and Z, are purely resistive. Substituting, in such cases, Ry 
for its equal, Z, in equation (2) gives 


Transducer Loss in db 


(E,)"R,;, ’ 
4 (ER, ( 


Equation (3) is correct even if reactance is present in the load 
impedance Z,, provided that R, represents the equivalent 
parallel resistance of Z,. 


=10 log 
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Insertion Loss 

Insertion loss resulting from connecting a transducer into 
a transmission system is the ratio of power delivered to that 
part of the system following the transducer, before insertion 
of the transducer, to power delivered to that same part of the 
system after insertion of the transducer. 

Power relationships for determination of insertion loss are 
derived from the elementary circuit diagrams of Fig. 2. 
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Insertion Loss in db 
(I,)? Ry 
=10log see 
Or, since E, and E£, are proportional to J, and I, respectively, 
equation (4) becomes 


Insertion Loss in db 


(E,)? E, 
=10log te)? = 20 log E, (5) 


Circuit impedances do not enter into the expression even 
though they obviously affect the quantities involved and, 
hence, the numerical result. However, equations do represent 
a true power ratio under all conditions. 


Comparison Between Transducer And Insertion Losses 

It is obvious that Transducer Loss and Insertion Loss are 
not the same. Both ratios use power delivered to the load 
through the actual transducer as denominators of the expres- 
sions but numerators differ. Transducer Loss compares power 
delivered to the load through an ideal transducer with power 
delivered to the load through the actual transducer. Insertion 
Loss compares power delivered to the load with the trans- 
ducer omitted completely from the circuit with power deliv- 
ered to the load through the actual transducer. 


Special note should be made that the value of E, in equa- 
tion (3) and E, in equation(5)are NOT equal. With this fact 
in mind, the two equations can be defined in the same terms 
by writing E, in equation (5) in terms of E, in equation (3). 
This yields the following expression of Insertion Loss in terms 
of Transducer Loss: 


Insertion Loss = Ry 2 Ry 
Transducer Loss + 101 queen | oom 
ns s og las + Z| 10 log aR, (6) 


It is now obvious what results from indiscriminate use of 
the term Transducer Loss and Insertion Loss. If a filter is 
required with an insertion loss of 7.5 db but transducer loss 
is specified, the filter is manufactured with a T. L. of 7.5 db. 
When measured by the customer it exhibits an insertion loss 


of 7.5 db plus a factor of 10log latte, Rot ‘a —10log [ae] 
which puts it out of specification. 


It is the purpose of this article to emphasize the fact that 
Insertion Loss and Transducer Loss are different. The only 
time they can be considered to have the same value is the 
condition under which R, = Rs. That this is true can readily 
be seen if the reader will refer to equation (6) and observe 
that the last two terms cancel out. This is the only time 
Insertion Loss Equals Transducer Loss. 

Reference: IRE Standards on Audio Systems and Components, 561/RE3.S1. 
SC 60-10A 


SANGAMO ELECTRIC COMPANY, Springfield, Illinois 


— designing toward the promise of tomorrow 
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pumps, generators, compressors, etc. 
Devices measure torque without use of 
moving parts. Pickup available from 
200 to 20,000 in.-lb. with readouts for 
indication, recording, controlling, etc. 
Bytrex Corp., 50 Hunt St., Newton 58, 
Mass. 
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BALANCING MACHINES 
Two-page catalog sheet describes line 
of precision dynamic balancing ma- 
chines. Specifications for machines, 
used to balance gyro rotors, small tur- 
bines and similar equipment, are in- 
cluded. Micro-Balancing, Inc., Herricks 
Rd., Garden City Park, N. Y. 

Circle 771 on Inquiry Card 


R & D FACILITIES 


Sixteen-page brochure describes scope 
of available facilities in chemistry and 
-electrochemical power, electronics and 
electrical engineering, physics and nu- 
clear sciences, mechanical engineering, 
and weapons-systems components. Pat- 
terson Moos Research Div., Leesona 
Corp., 90-28 Van Wyck Expressway, 
Jamaica 18, N. Y. 

Circle 772 on Inquiry Card 


MEASUREMENT FACILITIES 
Electrical-physical measurement facili- 


ties are described in four-page Bulletin 
GEA-7013. Bulletin discusses solution 


of measurement problems involving 
complex equipment, technical man- 
power and other applications. General 
Electric Co., Schenectady 5, N. Y. 
Circle 773 on Inquiry Card 


TEMPERATURE CHAMBERS 


Four-page folder describes 1 to 10 cu 
ft units for applications where tem- 
peratures from —150 to -+-300 F at 
varying altitudes are required. Includes 
photographs, construction features, 
physical dimensions and specifications. 
Cincinnati Sub Zero Products, 3932 
Reading Rd., Cincinnati 21, Ohio. 
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GRAPHIC-RECORDING SYSTEM 


Four-page bulletin describes Model 
305 GPL which provides pulse presenta- 
tion of signal outputs. Contains photo- 
graphs of system and graphic records 
obtained. Includes technical data and 
physical specifications. Adjustable for 
applications requiring 60-1800 sweeps/ 
min at 100 sweeps/in. definition. Alden 
Electronic and Impulse Recording 
Equipment Co., Inc., Westboro, Mass. 

Circle 775 on Inquiry Card 


COORDINATE PLOTTING BOARD 


Data Sheet 80-392, five pages, describes 
30 x 30 in. solid-state plotting boards, 
both single and dual arm, with elec- 
troluminescent panels for backlighting. 


Detailed features and specifications are 
given for units which plot data from 
digital and analog computers and from 
instrumentation systems. Computer 
Systems, Inc., Culver Rd., Monmouth 
Junction, N. J. 

Circle 776 on Inquiry Card 


SIGNAL AND NOISE GENERATORS 


Two data sheets give information on 
generators. Signal generator produces 
gaussian output voltage; noise genera- 
tor has cutput of random signals. De- 
tailed specifications for each unit are 
listed. Automation Laboratories, Inc., 
80 Urban Ave., Westbury, N. Y. 

Circle 777 on Inquiry Card 


PRE-PRINTED SYMBOLS 


Four-page brochure illustrates line of 
adhesive-backed drafting circuit sym- 
bols that permit construction of circuit 
diagrams. Assortment includes pre-cut 
transistor, relay, diode, vacuum-tube 
symbols, etc. Engineering & Science 
Aids Co., 392 Jackson Ave., Jersey City 
5, 'N.. J. 

Circle 778 on Inquiry Card 


FREQUENCY-RESPONSE SLIDE RULE 


Four-page bulletin describes rule that 
provides direct reading of amplitude 
ratio and phase vs frequency of up to 
ten terms in a complex transfer func- 
tion. Eleven channels hold eleven fre- 


Specifying LAMINATED PLASTICS...as sheet, 


TAYLOR FIBRE CO. BELONGS 
IN YOUR SPECIFICATIONS 


Taylor has the products: .. offers more 
than 50 grades of industrial laminated 
plastics . . . including paper, cotton cloth, 
nylon, asbestos, glass cloth, or other base 
material impregnated with phenolic, mel- 
amine, silicone or epoxy resins and formed 
into sheets, rods and tubes under heat 
and pressure. Also a number of composite 
materials, including copper-clad laminated 
plastics, vulcanized fibre and laminated 
plastics, rubber and laminated plastics, 
asbestos and laminated plastics, and alu- 
minum and laminated plastics. 


Use this Taylor Selection Guide to make 


selections of 


the Taylor laminated 


plastics that will fit your requirements. 


ELECTRO-TECHNOLOGY 





quency scales, each covering six de- 
cades from 0.001 to 1000. Twenty-four 
function scales furnished. Boonshaft 
and Fuchs, Inc., Hatboro Industrial 
Park, Hatboro, Pa. 
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LOGIC TRAINER 


Four-page brochure and _ instruction 
booklet describes device for training 
in digital circuitry and logic. Trainer 
demonstrates basic circuit operations 
as well as effects of loading and timing 
on circuit and network performance. 
Includes flip-flops, gates, amplifiers, 
etc. Epsco, Inc., 275 Massachusetts 
Ave., Cambridge 39, Mass. 

Circle 780 on Inquiry Card 


SERVO DEVELOPMENT KIT 


Bulletin 105 describes servomechanism 
kit A for development of mechanism 
and gear trains. Gear ratios may be 
varied from 1:1 to 70,000:1; materials 
meet MIL-E-5400. Complete list of ma- 
terials is given. Precision Mechanisms 
Corp., 577 Newbridge Ave., E. Mea- 
dow, N. Y. 

Circle 781 on Inquiry Card 


ELECTRICAL CONTACT LUBRICANT 


Brochure offers information on lub- 
ricant and conditioner for electrical 
contacts. Lubricant increases life of 
contact surfaces, both arcing and non- 


arcing. Water-repellent and non-drying, 
it is said to increase brush life by 300 
per cent; temperature range is —50 to 
+-450 F. Electralab Printed Electron- 
ics Corp., Needham Hts. 94, Mass. 
Circle 782 on Inquiry Card 


PLASMA-SPRAYED COATINGS 


Four-page brochure describes metallic 
and ceramic plasma-sprayed coatings. 
Lists applications and fabrication tech- 
niques. Coating materials available in- 
clude pure metals, refractory metals, 
chemically inert metals, ceramics and 
glass. Thermal Dynamics Corp., Leb- 
anon, N. H. 

Circle 783 on Inquiry Card 


HIGH-TEMPERATURE INSULATION 


Four-page comparison chart of high- 
temperature insulation materials lists 
plastics, ceramics and ceramoplastics. 
Temperature limits of 88 materials, 
thermal expansion coefficients of 57 in- 
ert metals and insulators are also 
listed. Mycalex Corp. of America, 125 
Clifton Blvd., Clifton, N. J. 

Circle 784 on Inquiry Card 


PRECIOUS METALS AND ALLOYS 


Technical Bulletin (Vol. 1, No. 2), 36 
pages, presents detailed study of pre- 
cious-metal electrical contacts, their 
applications and_ selection criteria. 
Other articles are included on thermo- 


rod, tube or fabricated parts? 


Taylor has the facilities. Its Norristown, 
Pa., plant, comprising some 300,000 sq. 
ft., produces both laminated plastics and 
vulcanized fibre . . . is one of the most 
completely integrated in the industry .. . 
even makes its own paper and a large per- 
centage of its own resins. The La Verne, 
Calif., plant, with over 45,000 sq. ft. of 
floor space, specializes in the manufacture 
of laminated plastics for the convenience 
of West Coast customers. And both 
plants can fabricate parts from any Taylor 
materials to specifications, economically. 

Taylor laminates offer many advantages 
over metals. They have a higher strength- 
to-weight ratio, are corrosion resistant, 
and can be fabricated more easily. This 
Taylor Selection Guide will help you 
evaluate the different grades available. 
Write for your copy today. Taylor Fibre 
Co., Norristown 37, Pa. 


aylor 


LAMINATED PLASTICS VULCANIZED FIBRE 
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For applications requiring high 3 
strength retention at elevated 
temperatures, Taylor Grade 
GEC—an epoxy resin, glass 
fabric base material. 
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couple materials and problems posed 
by radioactivity in the refining of pre- 
cious-metal scrap. Basic differences be- 
tween wrought and sintered products in 
relation to their performance as elec- 
trical contacts are discussed. Engelhard 
Industries, Inc., 75 Austin St., Newark 
2, N. J. 
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PROTECTIVE FILMS 


Eight-page catalog describes “Soft- 
Seal” and CRC 3-36 protective coat- 
ings. Lists properties, methods of ap- 
plication and uses. Photomicrographs 
illustrate protection afforded metals 
exposed to corrosive atmospheres. Cor- 
rosion Reaction Consultants, 116 Chest- 
nut St., Philadelphia 6. 
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HEAT-RESISTANT FINISHES 


Properties and application data for in- 
dustrial silicone-base finishes are con- 
tained in four-page brochure. Applied 
by spraying, finish protects metallic 
surfaces from rusting at temperatures 
approaching 1000 F. Midland Industri- 
al Finishes Co., Waukegan, III. 
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IMPACT-MOLDING COMPOUND 


Data Sheet 1506 covers flame-retardant 
glass-fiber reinforced polyester mold- 
ing compound. Grade 1506 has high 


(ror high-temperature electrical 
applications and high-frequen, 
cy radio equipment, Taylor 
Grade GSC—a silicone resin, 
glass fabric base material. 
Has high heat resistance, ex- 
cellent electrical properties, 
and high arc resistance. Will 
not support combustion. 





impact strength and good moldability. 
Physical, electrical and molding prop- 
erties are listed. Applications include 
switchgear bushings, standoff insula- 
tors and apparatus requiring flame- 
retardant insulation. The Glastic Corp., 
4321 Glenridge Rd., Cleveland 21, 
Ohio. 
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EPOXY CASTING SYSTEM 


Data Sheets G-07 describe low-density, 
pre-foamed encapsulating system for 
encapsulating heat-generating parts. 
Included are electrical and mechanical 
specifications, procedure description 
for preparation and application. Mit- 
chell-Rand Mfg. Corp., 51 Murray St., 
New York 7. 
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DIALLYL PHTHALATE RESIN 
COMPOUNDS 


4 26-page Dapon booklet describes 
properties, uses and molding require- 
ments of compounds based on diallyl 
phthalate resins. Provides guide to ca- 
pabilities and application techniques. 
Included are tables giving performance 
data including physical and electrical 
properties, chemical and fungus resist- 
ance and flame proofing. Food Ma- 
chinery and Chemical Corp., 161 E. 42 
St., New York 17. 
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CRATEX 
ABRASIVES 


reves nea 


LIQUID EPOXY RESINS 
Five-page Bulletin GP-1.0 
specifications, properties and applica- 
tion data for liquid epoxy resins which 
are 100 per cent reactive. Varying 
formulation allows wide range of prop- 
erties. Thiokol Chemical Corp., 780 N. 
Clinton Ave., Trenton, N. J. 
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VINYL RESINS 


Multi-colored brochure, “Plastics for 
Quality Products” 20 pages, describes 
general-purpose resins, lattices and 
compounds. Contains information on 
applications, forms available and phy- 
sical properties of a wide range of 
plastics (vinyls, ABS and _ polyure- 
thanes). B. F. Goodrich Chemical Co., 
3135 Euclid Ave., Cleveland 15, Ohio. 
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ADHESIVE AND SEALING 
COMPOUNDS 
Two-page data sheet describes encap- 
sulants, sealants and adhesives. Com- 
pounds are designed for use at elevated 
temperatures to 1000 F. Radiation Ap- 
plications Inc., 36-40 37 St., Long Is- 
land City 1, N. Y. 
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ADHESIVES SELECTOR CHART 


Bulletin A-100, a selector chart, shows 
properties of adhesives and hardeners. 
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(Mr deburring, Smoothing, 
Cleaning, Polishing 


Cratex reliability lowers costs 


You can count on every Cratex item 
to perform just as you expect it to— 
exactly as the last one did and as the 
next one will. This is the key to effi- 


ciency in micro-deburring, smoothing, 
cleaning and polishing. YOU SAVE 
TIME because you know just what to 
expect in performance without experi- 
menting or compensating. YOU SAVE 


REJECTS because with Cratex no 


unexpected irregularities occur to spoil 


work pieces. 


WHEELS - POINTS - BLOCKS - STICKS - CONES 


lets, from smallest sizes to ¥% 


Shows operating temperature range, 
Izod impact, coefficient of thermal ex- 
pansion and other properties. Guide fits 
binders or, when folded out, makes 
reference wall chart. Hysol Corp., 
Olean, N. Y. 
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BONDING POLYETHYLENE SURFACES 


Two-page Bulletin TSB-3-625-1060 de- 
scribes methods of surface preparation 
for bonding polyethylene with epoxy 
adhesives. Included are detailed proce- 
dures for low- and high-density poly- 
ethylenes. Mereco Products Div., Meta- 
chem Resins Corp., 530 Wellington 
Ave., Cranston, R. I. 
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URETHANE FOAMS 


Review of present and future scope of 
urethane foam products is contained 
in 24-page brochure. Basic chemistry, 
property and performance data are 
also included. Mobay Chemical Co, 
Penn Lincoln Parkway West, Pitts- 
burgh 5. 
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GLASS-FIBER TEXTILE YARN 


Brochure FTX-5A contains 12 pages of 
data on glass-fiber textile yarn prod- 
ucts. Glass-fiber manufacture, physical 
properties, coding for various yarns 
are discussed, along with comparison 


New... 1» cos 


PRODUCTION EYELET 


MACHINES 


W. specialize in production machines for electrical and 
electronic needs. Used by leading makers of PW boards 
for setting funnel flange, standardized, and special eye- 


”. Best value on the market. 


Model 101 air-operated machine automatically adjusts to 


various thicknesses. Cuts damage when setting plastics, 


ceramics, PW boards, glass, leather, etc. 


FREE AE100 


Solve your eyelet machine problems fast — Write today. 


Everertr roo. co. 
INCORPORATED 
31 Carleton Street, Cambridge, Mass, 


in 4 grit textures for power or manual 
application. Sold through leading industrial 
supply distributors. 


FREE! Send for the complete CRATEX 
Industrial Catalog today 


CRATEX 


MANUFACTURING COMPANY, INC. 
1600 Rollins Road Burlingame, California 


BULLETIN NO. 
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now from 


a digital arithmetic center 
that works with: —process contro/ 


Ke 


- data-processing systems 


Important specifications include: 


Number System...Decimal 
Word Length...18 decimal digits and sign » . . . ‘ ‘ 
= You name the application, and Clary’s new arithmetic center—the DAC- 
Storage...Magnetic Drum 2500 rill fit it 
Storage Capacity...16 words per channel, non volatile =Wi it. 
10 channels are available FLEXIBLE. This unit performs arithmetic, logical, and memory functions 
2 channels are supplied as ‘ > 
standard equipment with phenomenal speed and accuracy...works with punch card and tape 
Instructions... Multiple Address devices, analog to digital converters, X-Y plotters, printers, and other 


Input of Data... Unique pulse per digit or binary input and output equipment. 


coded decimal ' pe . . ° 
input ob tnclrgiitans..;.ae viiaae es mrenee PROVEN. This is an off-the-shelf item. It has been proven in actual appli- 
connector pin(s) cations. Production-like quality makes it low-in-cost, insures prompt 


Output... Unique pulse per digit or binary coded delivery, reduces maintenance and repair problems. 
decimal . . ‘ ¢ : 
RELIABLE. Clary’s long experience in quality controls and the use of solid 


Size... Length 28”, height 19”, width 13” tat lect ‘ ‘i ti | reliabilit 
Weight...97 Ibs. State electronics insure exceptional rellabllity. 


Power...117 VAC +10%, 150 watts maximum, 


60 cycle, single phase 
Construction... Modularized, solid state, plug in ; 
components ; 
CORPORATION, 
For information on how you can use the DAC-2500, ’ COMPUTER DIVISION 


write direct for Engineering bulletin SS-4, San Gabriel, California 
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of glass, asbestos, cotton, nylon and 
dacron. Johns-Manville, Fiber Glass 
Div., Textile Glass Section, 1810 Madi- 
son Ave., Toledo 1, Ohio. 
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EPOXY GLASS LAMINATE 


Bulletin MC-109, four pages, lists spe- 
cifications and properties of Grade EG- 
818 flame-retardant laminate. Material 
meets requirements of MIL-P-18177B 
(Type GEE) and MIL-P-13949B 
(Type GF). The Mica Corp., 4031 
Elenda St., Culver City, Calif. 
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CERAMIC-TO-METAL SEAL 


Five-page bulletin describes “Cerami- 
seal” iron-nickel-cobalt alloy designed 
for ceramic-to-metal sealing by weld- 
ing, brazing and deep drawing. Expan- 
sion characteristics and thermal con- 
ductivity closely match those of high- 
temperature alumina ceramics. Wilbur 
B. Driver Co., Newark 4, N. J. 

Circle 799 on Inquiry Card 


GLASS-METAL COMPONENTS 


Twelve-page Bulletin FC-5 describes a 
complete line of precision glass and 
glass-metal components, sapphire-to- 
glass seals, infrared sensing compon- 
ents, precision-bore glass tubing, va- 
cuum thermocouples and vertical sens- 
ing and reference levels. Fredericks 


Co., Philmont Ave. and Anne St., 
Bethayres, Pa. 
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WELD DESIGN 


Four-page Brochure 1204.2 presents in- 
formation on weld design and econo- 
my. Included are illustrated examples 
of welded assemblies, supplemented by 
description of proper design practices. 
Lincoln Electric Co., Box 3115, Cleve- 
land 17, Ohio. 
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GROOVED PINS AND DRIVE STUDS 


Twelve-page catalog describes types, 
dimensions and fastening applications 
of solid grooved pins and grooved 
drive studs. Materials used, drilled- 
hole tolerances, shear strength, maxi- 
mum torque, insertion forces, horse- 
power transmitted and similar data are 
included. Basic principles also discuss- 
ed. Groov-Pin Corp., 1125 Hendricks 
Causeway, Ridgefield, N. J. 
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MULTI-RATIO GEAR BOXES 


Six-page folder contains data and out- 
line drawings of universal multi-ratio 
gear boxes. Used as speed reducers or 
increasers, gear boxes have 10 basic 
ratios. PIC Design Corp., 477 Atlantic 
Ave., E. Rockaway, N. Y. 
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POWER SPRINGS 
Line of flat spiral power springs is 
described in 12-page booklet. Specifi- 
cations, application data for spiral, 
cross curved, stainless and _ integral- 
band types are included. Sandvik Steel, 
Inc., Spring Dept., 1702 Nevins Rd., 
Fair Lawn, N. J. 
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MINIATURE BALL BEARINGS 


Catalog, 14 pages, offers information 
on Class ABEC-7 bearings. Included 
are design data on dynamic and static 
load ratings, mounting and lubrication. 
Specifications, sizes and dimensioned 
drawings are listed. Reed Instrument 
Bearing Co., 4241 Redwood Ave., Los 
Angeles 66. 
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TEXTURED STAINLESS STEEL 


Illustrated application data and typical 
metal patterns are contained in four- 
page Brochure V10-N4 on. stainless 
steel sheet. Rigidized Metals Corp., 
678 Ohio St., Buffalo 3, N. Y. 
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MOTOR-GENERATOR EQUIPMENT 


Series of product bulletins covering 
400-cps brushless inductor alternators 
gives complete specifications as well as 
application data. Power outputs from 
14 to 30 kva available. Units feature 





PIONEER in WINDERS for over 40 YEARS! 


(thousands of applications) 


GLOBE Armature Equipment 
processes all types of armatures!! 


e Insulate the slots 
e Install commutator 
e Wind the armature 


Individual machines with Automatic Cycles or, Grouped 


e Hot-stake connections 
e Wedge the slots 


into a full Automation System 


FAST—PRECISE—UNIFORM OUTPUT 


ALSO — Winders of all types—for all duties 


Turret Type Winder 


Single or Multiple spindle 
Bench, Pedestal, or Bed types 
Automatic, Semi-or Manual 
Six Basic sizes — full range 
Turrets and Automations 


Let US help YOU 
on Armatures, Stators & Coils 


The GLOBE TOOL and ENGINEERING Company 
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e Connect to commutator 


Armature Insulating Machine 


Armature Winding Machine 


Transformer Winder 


5028 Kitridge Rd., 
Dayton 24, Ohio 
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mie a mete) xe eh 
unique convenience, 
extreme accuracy 


hn 302A Wave 
Analyzer 


easily convertible to a sweep 


‘ K oscillator-tuned voltmeter with this 


hy) AC-97C Sweep Drive! 


SPECIFICATIONS 


é9 302A Wave Analyzer 


Frequency Range: 20 cps to 50 KC 


Frequency Calibration: Linear graduation 1 division/10 cps, 
oe phan ; : Accuracy + (1% + 5 cps) 
No calibration or stabilization is required with the @ 302A Voltage Range: 30 nv to 300 v, full scale, 15 ranges 


Wave Analyzer, a completely transistorized instrument Warm-up Time: None 

which represents significant improvement in design. Oper- — | —l Te 
ating as a highly selective tuned voltmeter, the instrument aso 

provides a front panel control which selects the frequency pos ee 
to be measured. Voltage then is read directly on the front 

panel meter. Basically, Model 302A separates an input sig- Selectivity: 

nal into individual components so that each—the funda- 

mental, harmonics and any intermodulation products—may 

be evaluated separately. 


With the AC-97C Sweep Drive, the @ 302A is converted to a sua faits sant panied 
sweep oscillator-tuned voltmeter for automatic frequency SOs Oe * ee Se oe 
response measurements, even in noisy systems. The AC-97C : ks Va oo 
motor accessory permits sweeping the entire frequency 302AR (rack mount), 91,708.00 
range of the 302A, 20 cps to 50 KC; provides fast sweep for é» AC-97C Sweep Drive 
covering the spectrum rapidly, slow sweep for high resolu- eustp Randi bi secon 

tion plot. The Sweep Drive with an X-Y recorder permits Sweep Limits: Any interval from 50 revolutions to 
automatic plots.of harmonics or intermodulation products. tions 

Model AC-97C attaches to the 302A panel, or may be bench @ 302A: 170 cps /sec and 17 eps/sec 


mounted on an adjustable stand. Mount: ee ae Sen © neh ten, 


Price: $275.00 


HEWLETT-PACKARD COMPANY HEWLETT-PACKARD S.A. 


1062M Page Mill Road Palo Alto, California, U.S.A. Rue du Vieux Billard No.1 Geneva,-Switzerland 
[eo Gable “HEWPACK” DAvenport 6-7000 Cable “HEWPACKSA” — Tel. No. (022) 26. 43. 36 


a ONE, EE EN LO 
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standard voltage regulation of +1 per 
cent. American Electronics, Inc., 1598 
Ross Ave., Fullerton, Calif. 
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VANE-AXIAL BLOWERS 


Two-page Data Sheet X-540 contains 
graphs, dimensional drawings, data on 
d-c operated vane-axial blowers. Op- 
timum output is 90 cfm at 1 in. H,O 
back pressure. Globe Industries, Inc., 
1784 Stanley Ave., Dayton 4, Ohio. 
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TEMPERATURE CONTROL SYSTEM 


Bulletin HXOV, four pages, gives de- 
tailed information on precision system 
for control of temperatures to 1200 C 
to within +0.2 C. Includes specifica- 
tions, schematic flow diagram and de- 
scription of electronic-controller opera- 
tion. Chart presents thermocouple cali- 
bration data. Atkins Technical Inc., 
1276 W. Third St., Cleveland 13, Ohio. 
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CIRCUIT CONNECTOR 


Two-page product information Bulletin 
341 describes multiple circuit connec- 
tors, which feature high current rat- 
ings and low insertion and extraction 
forces. For size 18 to 14 AWG wire. 
Detailed specifications for receptacle 
and tab housings included. Specifica- 
tion data is complemented by dimen- 
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sional line drawings. AMP, Inc., Har- 
risburg, Pa. 
Circle 810 on Inquiry Card 


ELECTRONIC HARDWARE 
Catalog 1060, eight pages. contains 
data on plugs, jacks, cord sets, con- 
nectors, switches and other hardware. 
Specifications, application data in- 
cluded. Zoron, Inc., 612 W. Monroe St., 
Chicago 6. 
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SLIP-RING CATALOG 
Catalog 100-S (32 pages) lists stand- 
ard slip-ring and brush-block assem- 
blies for transmission of electric sig- 
nals from stationary to rotating equip- 
ment. Complete details as to dimen- 
sions, materials, speed ranges and al- 
lowable currents and voltages. Fab- 
ricast, Inc., 9835 E. Alpaca St., South 
El Monte, Cal. 
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ELECTROMECHANICAL CHOPPER 
Specification 266, two pages, details 
characteristics and ratings for Model 
30 miniature 6.3-volt chopper. Includes 
data on environmental conditions, elec- 
trical data and configuration. Diagrams 
illustrate connections and typical noise 
test circuit. Airpax Electronics, Inc., 
Cambridge, Md. 
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ELECTROMECHANICAL CHOPPER 


Bulletin AV2021 (eight pages) de- 
scribes, with data, charts and photo- 
graphs, line of “Syncroverter” 
switches. Includes description of oper- 
ation of non-resonant choppers, in- 
cluding general-purpose, sing]«-case, 
low-noise and _ external-coil models. 
Aircraft Equipment Div., The Bristol 
Co., Waterbury 20, Conn. 
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CURRENT-LIMITING CIRCUIT 
BREAKERS 


Bulletin 4300-1A describes current- 
limiting low-voltage circuit breakers 
and switchgear in 10 pages of tables, 
dimension drawings and other data. 
Interrupting capacity, 200,000 amp. 
I-T-E Circuit Breaker Co., 1900 Hamil- 
ton St, Philadelphia. 
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PLASTIC-CASE CAPACITORS 


Single-page Data Sheet 9FM presents 
information on Mylar-film, 0.01-0.25 pf 
tubular capacitors. Units may be used 
at temperatures from —40 to +85 C 
without derating. Listed are capaci- 
tances and voltage ranges in series, 
and environmental tests capacitor 
meets. John E. Fast & Co., 3580 No. 
Elston Ave., Chicago 18. 
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LIQUID-LEVEL SWITCH 


Four-page folder describes switch 
which combines ultrasonic probe and 
transistorized control into integral unit. 
Contains specifications (probe range, 
—430 to +-440 F, to 5000 psi). Sensor 
capable of monitoring liquids, includ- 
ing cryogenic, chemicals and _petro- 
leum products. Acoustica Associates, 
Inc., Gauge and Control Marketing 
Dept, 10400 Aviation Blvd., Los An- 
geles 45. 
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MINIATURE RELAY 
Single-page engineering bulletin cov- 
ers Series “V” relay for severe environ- 
mental requirements of missiles. Unit 
operates from —65 to +125 C and al- 
titudes to 70,000 ft. Bulletin includes 
features, applications, specifications, 
mounting styles, type designation and 
detail data. Filtors, Inc., Pt. Washing- 
ton, N. Y. 
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WIREWOUND POTENTIOMETERS 


Brochure contains six product data 
sheets describing series of wirewound 
multi- and single-turn potentiometers. 
Resistance values for multi-turn units 
range from 5 to 200,000 ohms, stand- 
ard linearity tolerances to 0.3 per cent; 
single-turn units range from 5 to 150,- 


000 ohms, standard linearity tolerances 


to 0.2 per cent. Lockheed Electronics 
Co., 6201 E. Randolph St., Los Angeles 
22. 
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150-C CARBON POTENTIOMETER 


Single-page Data Sheet 3051 gives in- 
formation on Model 3051 trimming 
potentiometer which features high-tem- 
perature carbon deposited on _ inert, 
moisture-proof ceramic base. Sealed 
against humidity, unit exceeds require- 
ments of MIL-STD-202A, Method 106. 
Data sheet includes detailed electrical 
and mechanical specifications. Bourns, 
Inc., 6135 Magnolia Ave., Riverside, 
Calif. 
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MOTION SAFETY SWITCH 


Four-page Bulletin MS-2 contains ap- 
plication, installation and _ operation 
data on motion safety switch. Mechani- 
cal device can be driven in either di- 
rection at 40 or 100 rpm. Switch pro- 
tects machines and processes from 
damage caused by stoppages. Fuller 
Co., Catasauqua, Pa. 
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POWER-SUPPLY BULLETIN 


Two-page Bulletin B601 pictures, de- 
scribes and gives specifications of six 
power supplies. Included: transistor- 
ized, short-circuit proof; vacuum-tube 


regulated; tubeless unregulated; and 
instrument power supplies. Anders 
Electronics, Inc., Brook Road, Need- 
ham Heights 94, Mass. 
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SOLID-STATE POWER SUPPLIES 


Catalog 120, 8 pages, provides full lisi- 
ing of solid-state power supplies, mini- 
aturized power packs, solid-state in- 
verters and converters. In addition to 
the listed model numbers, specifica- 
tions and prices, full electrical and 
mechanical details are provided. Elec- 
tronic Research Associates, Inc., 67 
Factory Place, Cedar Grove, N. J. 
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D-C POWER SUPPLIES 


Specification Sheet 5000, four pages, 
offers data on three Series TR solid- 
state power supplies that have outputs 
of 0 to 100 volts at 100 ma, 0 to 36 
volts at 200 ma, and 0 to 18 volts at 
1 amp. Units offer regulation of 0.1 
per cent or 10 mv, with low ripple. 
Lists detailed electrical and mechani- 
cal specifications. Electronic Measure- 
ments Co., Inc., Eatontown, N. J. 
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PLUG-IN POWER SUPPLIES 


One-sheet Bulletin PS 2015 describes 
Series SPI regulated power supplies 
for built-in instrument and system ap- 
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Trucks don’t have to run over elec- 
tric cords. But they do. 

That's why people who buy your 
product need a tough cord. One 
that is mechanically strong. One 

that resists acids, alkalies and oils. One that 
ages well in sunlight and weather. One that 
won't support combustion. 

You get all these characteristics rolled into 
one when you select a Rome 60 Type SO 
heavy-duty portable cord. 

The high-quality rubber insulation used 
with Rome 60 is suitable for 75 C operation, 
providing good overload protection and long 
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life. On the outside you have Roprene, a neo- 
prene jacket lead-mold cured to a tirelike 
toughness. 

So forget about abrasion, chemicals, mois- 
ture, weather. Standardize on Rome 60, the 
portable, heavy-duty cord designed for rugged 
service. Choose from sizes No. 18 to 10 AWG, 
two to six conductors, 0-600 volts... For com- 
plete specifications, write to the Rome Cable 
Division of Alcoa, Dept. 24-21, Rome, N. Y. 


For applications not requiring a premium lead- 
cured jacket, Rome 50 portable cord will provide 
cost savings. 


ROME CABLE 
DIVISION OF ALCOA 





GENERAL PURPOSE RELAYS 


».-if pays to select relays 
from the world’s largest line! 


In components as diversified as relays, 
you save time, money and effort by 
going where selections are most com- 
plete and where relay application 
“know how” is broadest! 

As producers of the world’s largest 
line—and backed by 40 years experi- 
ence in relays exclusively—Struthers- 
Dunn is the logical source of relays 


exactly fitted to specific needs. And, 
by “fitted” we mean electrically, 
mechanically, size-wise, weight-wise, 
mounting-wise and price-wise! 
Write for Quick Guide Catalog J— 
or send details of your relay require- 
ments for prompt, accurate recom- 
mendation. Address: STRUTHERS- 
DUNN, Inc., Pitman, N. ]. 


Member, National Association of Relay Manufacturers 


STRUTHERS-DUNN 


Relay headquarters 


Sales Engineering offices in: Atlanta + Boston + Buffalo + Charlotte + Chicago + Cincinnati « Cleveland . Ballas . Dayton . Detroit 


Kansas City » Los Angeles - 
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Montreal + New Orleans + New York « 


Pittsburgh » St. Louis + San Francisco + Seattle « Toronto 
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plication. Sizes range from 8 to 24 volt 
d-c at 2 amp to 22 to 44 volt at 1 amp. 
Deltron, Inc., 4th and Cambria Sts., 
Philadelphia 33. 
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POWER-SUPPLY BULLETIN 


Eight-page Bulletin AC-60-1 describes, 
with photographs and charts, a wide 
range of silicon-rectifier regulated- 
power supplies. Supplies available for 
automatic or manually controlled reg- 
ulation. Outputs, 20 to 1000 amp at 5 
to 120 volts d-c. Christie Electric 
Corp., 3410 W. 67 St., Los Angeles 43. 
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CONTROL AND POWER 
TRANSFORMERS 


Single-page Bulletin 576 lists specifica- 
tions on transformers for use with re- 
lays, control valves, solenoids and 
small motors. For 115/230 volt, 50 or 
60 cps operation; outputs vary from 
6 volts at 2 amp to 24 volts at 8 amp. 
Included is a description of cathode- 
ray-tube power transformer for use 
with 2x2 rectifier tubes in convention- 
al half-wave power supplies. Chicago 
Standard Transformer Corp., 3501 W. 
Addison, Chicago 18. 
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Manufacturer’s 
Publications 


For these selected publications on 
materials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRO-TECHNOLOGY as your 
source. 


HIGH-VOLTAGE RECTIFIER MANUAL 


A 16-page manual, SR-370, provides 
complete specifications, electrical prin- 
ciples and operating data on a series 
of high-voltage rectifier columns. Units 
may be built for voltages ranging from 
10,000 to 120,000 volts, with current 
output ranging from 1 to 50 amp. Char- 
acteristic curves and package sizes for 
various modules are presented. For a 
free copy, write on company letter- 
head to International Rectifier Corp., 
1521 E. Grand Ave., El Segundo, Calif. 


POWER-TRANSISTOR HANDBOOK 


A 200-page handbook, supplemented by 
more than 200 drawings and charts 
plus numerous design problems and 
solutions, serves as a reference to 
power-transistor applications. Mechan- 
ical, electrical, and thermal character- 
istics, plus maximum ratings, are com- 
prehensively covered. Selection charts, 
specifications and derating curves in- 
cluded for both industrial and military 
types. Copies are available at $2.00 


ELECTRO-TECHNOLOGY 





PORTER-CABLE depends on 
USG ° BRUSHES for the efficient power 
and endurance of their quality tools... 


Porter-Cable home and shop portable power 
tools are quality built to the highest standards 
in the industry. Contractors and builders, 
home craftsmen and hobbyists have come to 
expect Porter-Cable power tools to give long 
years of dependable, trouble-free service. 


Naturally, Porter-Cable specifies only the best 
components for their products, including 
USG Motor Brushes. 


Vital to power, efficiency and endurance of 
electrically powered units, USG Motor 
Brushes are giving excellent, maintenance- 
free service in thousands of applications in 
fractional H.P. and industrial type motors, 
generators, crane and mill motors, marine 
and transport motors and dynamos. 


The United States Graphite Company manu- 
factures a complete line of motor and genera- 
tor brushes and contacts that include carbon, 
carbon-graphite, electro-graphitic, metal- 
graphite and silver graphite. 


For complete information on USG brushes and contacts, 
write for Catalogs B-56 and the USG grade lis?. 


8-280-1 


THE UNITED STATES GRAPHITE COMPANY 
DIVISION THE WICKES CORPORATION, SAGINAW 8, MICHIGAN 
GRAPHITAR® sscaauiat © GRAMIX® pownER METALLURGY © MEXICAN® GRAPHITE i © USG® srusues 
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EXCELLENCE 


HYGRADE Fabric Base Sleevings 
The most comprehensive line of fabric 
base insulating sleevings; braided of 
fiberglass or organic yarns, and impreg- 
nated or coated with varnishes, plastics 
and silicone rubber. 


FLEXITE Extrusions — a broad line of 
tubings extruded of vinyl, polyethylene, 
nylon, silicone rubber, Teflon and other 
plastics; and extruded shapes including 
triangular-guide-line wrapping tape of 
permanently resilient silicone rubber. 


FLEXLEAD Insulated Wire and Cable 
Teflon and silicone rubber insulated high 
temperature lead wire, coaxial cables, 
twisted pairs, and special constructions 
of wire and cable for high temperature 
applications. 


Sample lengths, data, and prices on request; 
phone, write, or wire — you'll get action! 


Rie MARKEL Raise 


SINCE 1922 


i 


Building upon the good reputation earned in two generations 
to bring you increasing satisfaction in products and service 


® 


SOURCE for EXCELLENCE in 
Insulating Tubings, Sleevings, and Lead Wire 


NORRISTOWN, PENNSYLVANIA 
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each from Technical Information Cen- 
ter, Motorola Semiconductor Products, 
Inc., 5005 E. McDowell Rd., Phoenix, 
Ariz. 


CERAMICS PROPERTY CHART 


Expanded Chart 591A contains mc 
chanical and electrical properties of 
alumina, cordierite, crushable ceramics, 
forsterite, lava, leachable ceramics, ma- 
chinable ceramics, steatite, titania, etc. 
Send requests for copies to American 


Lava Corp., Chattanooga 5, Tenn. 


SERVO SYSTEM COMPONENTS 


“Technical Information for the Engi- 
neer,” 55 pages, is the sixth edition of 
a manual on servo motors, tachometer 
generators, motor generators and syn- 
chros. Publication assists system de- 
signer in selecting and evaluating a-c 
wound components by providing sec- 
tions on principles, applications and 
characteristics of manufacturer’s prod- 
ucts. Send letterhead request to Kear- 
fott Div., General Precision, Inc., Little 


Falls, N. J. 


POWER TRANSISTOR HANDBOOK 


Theory, design characteristics and ap- 
plications of power transistors are fea- 
tured in the first edition of this 
handbook. Applications in 205-page 
publication include use in power ampli- 
fiers, switching applications, electronic 
ignition systems, power supplies and 
rectification, and special circuits (par- 
allel, series, bridge and compound con- 
nection). Last section contains transis- 
tor specifications for manufacturer’s 
devices. Price is $2.00 from Motorola 
Semiconductor Products Div., Inc., 
5005 E. McDowell Rd., Phoenix, Ariz. 


ELECTRON TUBES 


Tube catalog, 25 pages, contains de- 
scriptions and basic specifications on 
cathode trigger tubes, klystrons, mag- 
netrons and radiation counter tubes. 
Data is included concerning maximum 
dissipation, filament and plate voltage 
and typical operating conditions. Am- 
perex Electronic Corp., 230 Duffy Ave.., 
Hicksville, N. Y. 


WIREWOUND RESISTOR 


Catalog of 20 pages offers information 
on encapulated and bobbin resistors 
featuring standard tolerances of + 1 
per cent and special tolerances down 
to 0.05 per cent. Includes details and 
performance’ characteristics. Copies 
may be obtained by writing Cinema 
Engineering, 1100 Chestnut St., Bur- 
bank, Calif. 


STRAIN GAGES 


Eight-page Brochure SR-4 discusses 
strain gages, application and measure- 
ment techniques. Included are presenta- 
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8 position 24 position 


1/25 sec. 
to 1/35 sec. 


The Ledex Rotary Selector Switch 
is a compact, highly efficient power- 
operated circuit selector or stepping 
switch, designed for remote control. 
Nearly unlimited design combina- 
tions permit great variety of applica- 
tions for stepping, counting, adding, 
subtracting, programming and se- 
quencing. Manystock models on hand 
for immediate shipment. Hermeti- 
cally sealed models also available. 

Power source is the Ledex Rotary 
Solenoid. This unit gives highest- 
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Rotary 
Selector Switch 


BASIC 


3 circuits, 
4 positions each 


1 circuit, 
12 positions 
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INFORMATION 


torque-to-size rotary motion. Ap- 
plications for Rotary Solenoids 
include actuation of valves, vanes, 
shafts, and other mechanical loads. 

Also Ledex Syncramental Step- 
ping Motors for accurate, reliable 
shaft indexing. 

Write for literature, mentioning 
application, to Ledex, Inc., Dayton 
2, Ohio; Marsland Engineering, Ltd., 
Kitchener, Ont.; NSF Ltd., 31 Alfred 
Place, London, Eng.; NSF GmbH, 
Nurnberg, Germany. 
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TABON 
TERMINALS 


and Insulating Sleeves 


For Quick 
Connect / Disconnect 
Applications 


i 


o * — 
Exclusive MALCO 


Design eliminates faulty 
connections. ..assures 
uniform crimping. 


Specially contoured insulating 
sleeve accurately guides termi- 
nal into position on male tab. 
Entry of male tab (outside of 
terminal) within the insulating 
sleeve is positively prevented. 

Malco Terminals are avail- 
able in chain form for rapid 
machine crimping to wire. In- 
sulating sleeves are 
also machine applied § 

REQUEST 


BULLETIN 
NO. 603 


MANUFACTURING CO. 


4021 W. Lake St., Chicago 24, III. 
PAS RA A ROA SS ENED SEE ELE LOE RLE 
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tions regarding strain gage temperature 
compensation, strain measurement and 
photoelastic gages. A copy may be ob- 
tained by writing to Baldwin-Lima- 
Hamilton, Waltham 54, Mass. 


PIPING SYSTEM 


Industrial catalog, 140 pages, covers 
approximately 12,000 parts including 
100 hose types for piping requirements. 
Included are constructions for refriger- 
ants, hydraulic fluids, steam and cor- 
rosive chemicals. Hoses vary in thread 
size, configuration and flange ends. 
Copy may be obtained by writing to 
Aeroquip Corp., Jackson, Mich. 


CLUTCHES AND BRAKES 


Catalog EM-1A, 96 pages, lists a line 
of hysteresis, magnetic and miniature 
servo clutches and brakes. Specifica- 
tions for each are listed, including per- 
formance curves, dimensions and op- 
erating characteristics. Copies may be 
obtained by writing to General Electro- 


Mechanical Corp., Buffalo 7, N. Y. 


PENCIL TUBES 


Catalog, 28 pages, presents information 
on design features of uhf pencil tubes, 
their application to systems, and elec- 
trical and mechanical circuit design 
considerations for uhf tubes and cir- 
cuits. Booklet supplies information on 


present developmental types and po- 
tential uses of pencil tubes. Data sec- 
tion covers full line of available com- 
mercial and military pencil-tube types. 
Data includes dimensions, ratings and 
operating values. Copies may be ob- 
tained by sending fifty cents to RCA 
Commercial Engineering, [Electron 


Tube Div., Harrison, N. J. 


RECTIFIER-TUBE DISSIPATION 
MEASUREMENT 

Four-page brochure “Engineering In- 
formation Service,” Vol. 7, No. 2, 
offers detailed analysis of method of 
measurement of rectifier-tube plate dis- 
sipation. Technique, circuit design and 
applications are discussed. Schematic 
diagrams and graphs are presented. For 
a copy, write to Sylvania Electric Prod- 
ucts, Inc., 1100 Main St., Buffalo 9, 
N.Y. 


DIGITAL MODULES 

Catalog S, 12 pages, lists specifications 
for “3C-PAC” Series S plug-in printed- 
circuit modules. Information on elec- 
trical specifications, gate loadings, 
power requirements, block and sche- 
matic diagrams are included. Not-ANp 
units operate within a temperature 
range of —20 to +55 C. Computer 
Control Co., Inc., 983 Concord St, 


Framingham, Mass. 


Speciy KIRKWOOD 
COLLECTOR RINGS 


MADE TO YOUR SPECIFICA- 
TIONS IN EITHER STEEL 
CORE OR MOLDED TYPE. 


KIRKWOOD Collector Rings 
are completely dependable and 
efficient. Most of your re- 
quirements can be obtained 
from KIRKWOOD stock. 


(SLIP 
RINGS) 


CA (susp = RING 
TALOG No. ¢.; 


TOe 

28 « 

Lene” "ow OR aro y 
ae 


KIRKWOOD COMMUTATOR CORP. 


* C 
“ane® 


Circle 188 on Inquiry Card 


4855 W. 130th St., Cleveland 35, Ohio 
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TO THE ENGINEER 


looking for an airtight case 


FEBRUARY 1961 


Need relays or stepping switches that will 
stay fresh as daisies—even in environments 
of high humidity, gritty dust, or extremes of 
temperature or pressure? You can get them, 
securely housed in ideal atmospheres of their 
own. 


AE makes an airtight case out of every job by 
completely evacuating the prewired assembly, 
replacing the air with a dry, inert gas to a 
pressure of at least one atmosphere, and tightly 
sealing the housing. Then we test it, and if there’s 
a single, tiny leak — enough to pass 1 cc of air in 
30 years—we reject the assembly! Here’s real 
protection from adverse environmental conditions 


(from tampering, too). 


Ask for AE’s Catalog 4083 on Hermetically 
Sealed Enclosures. It shows the wide variety 
of housing sizes and shapes available—with 
hook terminals, socket or cable plug-ins, or 
special printed-circuit connectors. Into these 
housings AE will put relays and switches 
assembled and wired to your specifications— 
or we will design and deliver complete con- 
trol packages or systems. Chances are we 
can do the job at less cost, too. 


If you have a sticky control problem, just 
write the Director, Control Equipment Sales, 
Automatic Electric, Northlake, Illinois. Jn 
Canada: Automatic Electric Sales (Canada) 
Ltd., 185 Bartley Drive, Toronto 16, Ontario. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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New COMPONENTS and MATERIALS 


A staff compilation of the latest developments . . . screened for design-in use 


in electrically operated end products . . 


tions and available application data. 


VELOCITY SERVO 
AMPLIFIER 


Model SPA-1 90-watt servo power 
amplifier operates in conjunction with 
2-phase a-c motor-tachometer combina- 
tions. Provides excitation, control and 


feedback networks required by instru- 
ment servos. Features velocity transition 
control circuit, allowing electronic tran- 
sition from velocity to servo operation 
at preset point from 10 to 100 per cent 
of synchronous motor speed. Radion‘cs 
Inc., 76 Cambridge St.. 
Mass. 


Burlington, 
Circle 501 on Inquiry Card 


RECHARGEABLE NICKEL- 
CADMIUM CELL 


Rechargeable Size D cell is hermetically 
sealed, has 4 amp-hr capacity. Cell has 


1.25-volt rating, can be discharged at 
loads up to 50 amp, will supply hun- 
dreds of charge and discharge cycles. 
May be trickle charged to maintain full 
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charge indefinitely or connected in 
series to form batteries of standard 
voltages. Maintenance-free, units can 
be charged and discharged in any posi- 
tion. Gould-National Batteries, Inc., St. 
Paul 1, Minn. 
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SOLID-STATE 
OPERATIONAL AMPLIFIER 


D-C differential amplifier Model P2 
contains neither tubes nor mechanical 
choppers. Input is entirely floating, with 
typical sinput current under 0.1 nano- 
amp. This allows use in long time- 


constant integrating circuits using small 
polystyrene capacitors (R — 10 meg- 
ohms, C = 0.1 yf for a 1 sec integra- 
tor). Power requirements, +15 volts 
d-c; power drain, 10 ma; typical open- 
loop gain, over 30,000. Frequency 
response provides smooth roll-off with 
unity-gain-frequency above 75 ke. 
George A. Philbrick Researches, Inc., 
285 Columbus Ave., Boston 16. 
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DRIVE AMPLIFIER FOR 


D-C MOTORS 


Model 910 fully transistorized amplifier, 
to drive d-c torque motors, will deliver 


. complete with all released specifica- 


2-amp d-c differential current into a 
two-terminal motor. Input into ampli- 
fier, either d-c or 400 cps depending on 
type selected. Gain, 200 mv per l-amp 
output current. Current feedback in- 
corporated to minimize effects of tor- 
que-motor inductance on servo response. 
Unit operation, from 28-volt d-c power, 
using 400 cps for reference. Control 
Technology Co., Inc., 1186 Broadway. 
New York 1. 
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D-C OPERATIONAL 
AMPLIFIERS 


Amplifiers have good temperature 
characteristics and electromagnetic isol- 
ation. Metal housing allows use of hold- 
down studs. Four models available: 
medium- and _ high-gain amplifiers, 


power amplifier and chopper stabilizer. 
Open-loop gain to about 30,000 with 
chopper stabilization. Drift rate, less 
than 1 my per day. Interchangeable 
with other operational amplifiers. Del- 
tex Laboratories, Box 2666, Jackson, 
Miss. 
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CONSTANT-VOLTAGE SUPPLY 


Model AA-0600 voltage supply operates 
directly from 100-135 volts a-c, 50-60 
cps, to provide precise regulation with 
temperature compensation. Unit can 
replace battery in any potentiometer 
recorder requiring 6 ma or less measur- 
ing circuit current at nominal 1.029 
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WHO SAYS 
TEFLON" 
IS TOO EXPENSIVE FOR 
YOUR CONTROL CABLES? 


We're talking specifically about insulation for wires and cables...in the products 
you make, in the products you use, in your own plant. Consider the performance 
and cost advantages of using the most reliable solid dielectric materials commer- 
cially available—Du Pont TEFLON fluorocarbon resins. For example, engineers of 
the Denver Board of Water Commissioners chose a ribbon-type 20-conductor cable 
coated with TEFLON for automatic pressure and flow controls in their water system. 
The insulation of TEFLON provides the low capacitance necessary to reproduce low 
signal strength over very long lengths and withstands moisture and the corro- 
sion of soil chemicals. In addition, the cable resists damage from abrasion and 
handling, reduces installed cable costs by approximately 50%. 

Insulation of TEFLON Tre resins and the new melt-processible Fep resins is your 
logical and most economical choice whenever you encounter problems of extreme 
dielectric requirements, corrosion, heat, solderability, space or weight limitations 
—and whenever reliability, dollars-and-cents savings in installation, replacement, 
maintenance or downtime are significant factors. 

For more information, write to: E. |. du Pont de Nemours & Co. (Inc.), Dept. ET-2, 
Room 2526T, Nemours Building, Wilmington 98, Delaware. In Canada: Du Pont of 
Canada Ltd., P.O. Box 660, Montreal, Quebec. 


TEFLON is Du Pont's registered trade- 
8 mark for its family of fluorocarbon 
resins, including TFE (tetrafluoroethyl- 
ene) resins and FEP (fluorinated ethyl- 


FLUOROCARBON RESINS ene propylene) resins. 


BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY 
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Straits 
Tin 
Report 


Four ways to reduce 
metallic whiskers — 
Troublesome whiskers tend to 
grow from surfaces of electrical 
and electronic components in 
close proximity. 


Example of metallic whisker growth on 
angie bracket 

By bridging gaps between contact 
points, the whiskers cause shorts. 
As a result of research fostered 
by telephone companies and the 
tin industry, it has been deter- 
mined that whisker growth can 
be reduced in any of four ways: 


@ Tin coatings can be increased to an 
ideal thickness of .005 in. 

@ Components can be flow-melted 
Components can be hot tin dipped 
rather than electrolytically coated 


@ Lower ambient temperatures can be 
used to inhibit whisker growth 


Superior soiderability 
can be obtained with a hot dipped 
or electroplated coating of .0003 
in. This thickness is least in- 
fluenced by factors of basis metal, 
undercoat layers and after-treat- 
ment—according to solderability 
studies of various coatings of tin, 
alloys of tin with lead, zinc, cadmi- 
um, and cadmium and silver. 


FREE Brochure 


16 interesting 
pages of informa- 
tion about the 
latest uses of tin 
in U.S. industry. 
Write today for 
your copy. 


The Malayan Tin Bureau 
Dept. S-14B, 2000 K St., N.W., Washington 6, D.C. 
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volts, d-c. West Instrument Corp., 4363 
W. Montrose Ave., Chicago 41. 
Circle 506 on Inquiry Card 


INFRARED DETECTOR 


Lead-sulfide detector FR-E47, for in- 
dustrial applications, has nominal 
D* (500,750,1) of 8 & 108; mean time 
constant, 375 psec; dark resistance 
range, from 500 k to 1.5 megohms. At 


normal room temperatures, cell is sensi- 
tive to visible and intermediate infrared 
radiation from 0.7 to 2.7 yw. Cell is 
mounted in dual-prong plastic housing. 
Tupper Trent Co., Inc., 207 Carter St., 
Chelsea 50, Mass. 

Circle 507 on Inquiry Card 


HYDROGEN THYRATRON TUBE 


Thyratron tube 5C22/HT415 is capable 
of producing pulse outputs in excess of 
2.0 megawatts at a power level of 1.6 


Sk 


kw. Primarily used as radar pulse 
modulator, tube features high peak 
voltage and high current ratings, high 
repetition rate and short deionization 


time. Electronic Enterprises, Inc., 65 
Seventh Ave., Newark 4, N. J. 
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SERVO ACCELEROMETER 


Model PAV-1S variable-range acceler- 
ometer permits selection of full-scale 
range without changing output im- 
pedance or full-scale output voltage. 


Accelerometers have max ranges of 
+1, +3, +10 and +30 g. Threshold 
resolution better than 1] part in 100,000. 
Unit operates on 15 volts d-c at 7 ma 
or 28 volts d-c at 15 ma. D-C output is 
either 7.5 volts or 0 to 5 volts d-c at 1.5 
ma. Palomar Scientific Corp., 4039 
Transport St., Palo Alto, Calif. 
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BEAM-SWITCHING TUBE 


Magnetically shielded BX-2000 and 
high-current BX-3000 tubes utilize four- 
electrode structure in each of their 10 


positions. BX-2000 is 2.5 oz and pro- 
vides 3-ma constant-current output. BX- 
3000 provides 5.5-ma constant-current 
output. Both insensitive to temperature 
and have 50,000-hr life potential. Suit- 
able for lighting indicator tubes and 
operating relays. Burroughs Corp., 
Electronic Tube Div., Box 1226, Plain- 
field, N. J. 
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SOLID-STATE 
PARTICLE DETECTORS 


Sampling quantities of X-ray. particle 
detectors, which change resistance with 
amount of radiation present, are now 
available. Sensitivity comparable with 
that of crystal-photomultiplier X-ray 
combinations currently in use, though 
response is slower. Material does not 
show effects of fatigue over prolonged 
periods of radiation and is smaller than 
crystal-photomultiplier devices. Con- 
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km a n° / Instruments 


tells why they choose 


CROUSE /HINDS 


explosion-proof electrical equipment 


re Cae ihe me 
Crouse-Hinds Condulet® Explosion-Proof en- 
closure: Threaded cover has been removed to 
show interior instrumentation. 
@ “The Beckman Engineering Department 
specifies the use of Crouse-Hinds equipment in its 
process instrumentation for a variety of reasons. 


“We know that our own customers regard 
Crouse-Hinds as the industry standard in explosion- 
proof applications . . . 


“We also feel that Crouse-Hinds housings are 
fairly priced. The broad variety offered, the’ 
ready assistance available in acquiring modified 
or special units, and the reliable service on 
deliveries are the final arguments . . .” 


@ The exacting requirements of careful makers 
such as Beckman Instruments call for the extra 
margin of safety provided by Crouse-Hinds — 

in design, in construction, and in the minimizing 
of human error in installation, operation and 
maintenance. Yet there is economy of bulk that 
enables you to make best use of valuable plant 
or laboratory space. 


For expert assistance with any problem involving 
electrical equipment for hazardous areas, get in 


F H t Fi feta ; * 2 
stateless: bbine a neta Aeon trede ae touch with nearest Crouse-Hinds office listed below. 


provides dependable protection against elec- 
Tae LINAC Mee MM 1) 
mospheres of vapors, gases or dusts. 


ERE LSS 


SYRACUSE f NEW YORK 


OFFICES: Atlanta Baton Rouge Birmingham Boston Buffalo Charlotte Chicago Cincinnati Cleveland Corpus Christi Dallas Denver Detroit Houston Indianapolis Kansas City 
Los Angeles Milwovkee New Orleans New Yark Omoho Philadelphio Pittsburgh Portland, Ore. St. Lovis St. Poul Salt Loke City Son Francisco Seattle Tulsa Washington 


RESIDENT REPRESENTATIVES: Albony Baltimore Reading, Pa. Richmond, Vo. CROUSE-HINDS COMPANY OF CANADA, LTD., TORONTO, ONT. 
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There's a standard Durant Electric Counter to fit practically any OEM 
application . . . enabling you to build modern electric counting into 
your PRODUCT, MACHINE or METHOD. 


Durant’s ‘‘HIGH VISIBILITY”, with clean-cut legible figures set high up 
and close to the window, show the exact figure at a glance. Many 
Durant fully enclosed Electrics have been performing accurately and 
dependably under varying conditions for years and years — giving the 
reliability so necessary in a counting operation. 


“Y” Electric Series : a 

(Model 6-Y-1-MF) ideal for PANEL MOUNT 
1000 CPM (placed and mounted from front) 
Seeereceececere on machine or at control center 


“CS” Electric Series 
(larger size — 
larger figures) 


Tumbler Lock Key Reset 
for ‘‘tamper control” 


“Y" Electric — Small, compact; AC counters 
equipped with integral rectifier for high 
speed and long life. Records accurately at 
high, low, or intermediate speeds. 


“CS” Electric — Same external design and 
features as “Y” Series, but with larger case 
size and larger figures . . . for more rugged, 
heavy duty applications. 


-_ “YE” Electric — With electric instant reset 
“YE” Electric Series or finger-flick instant reset. 


Push Button Reset 
(Model 5-YE.8947.a) ACTUATORS and CONTACTORS 


1500 CPM Durant offers photo-electric, lever, roller arm, 
star wheel, or limit switch units for use with 
Electric Counters. 


Send for Catalog Number 55 


vy gteetrie sexes ~©DURANT MANUFACTURING CO. 


4 figure dependable since 1879 


(Model goed 1962 N. Buffum St. ( Thurbers Ave. 
600 C Milwaukee 1, Wis. Providence 5, R. I. 


“YE” SERIES MODEL 3-3-5-Y MODEL 6-Y PUSH BUTTON 4 FIGURE “SP-MF"” 

HERMETICALLY ELECTRIC ELECTRIC RESET ELECTRIC | ‘‘Y’ ELECTRIC ELECTRIC 
SEALED FOR COUNTERS PREDETERMINING | FOR MILITARY PANEL PREDETERMINED 
MILITARY ONE FRAME COUNTER APPLICATION MOUNT COUNTER 


REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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ductivity under full radiation vs no 
radiation, approximately 1 million to 
one. Specifications adjusted to customer 
needs. Semi-Elements, Inc., Saxonburg 
Blvd., Saxonburg. Pa. 
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PHOTOCONDUCTIVE CELLS 


Line of cadmium sulfide cells includes 
ORP 60 microminiature model mounted 
in sealed all-glass transistor envelope 


and measuring 0.59 in. long x 0.25 in. 
diam. Dissipation rating, 70 watts. 
Suited for use in light-operated flip- 
flop circuits. Sensitivity is 10,000 times 
greater than conventional phototubes. 
Amperex Electronic Corp., Semicon- 
ductor and Special Purpose Tube Div., 
230 Duffy Ave., Hicksville. L. I. 
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SILICON POWER 
TRANSISTOR 


PT530 triple-diffused mesa transistor is 
used in vhf communications applica- 
tions. Features low saturation resist- 
ance; housed in TO-8 case. Character- 


ized by power output of 5 watts at 30 
me with power gain of 10 db min at 
collector voltage of 28 volts. Delivers 
oscillator power to 200 me. Pacific 
Semiconductors, Inc., 12955 Chadron 
Ave., Hawthorne, Calif. 
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GERMANIUM TRANSISTOR 


Transistor Type 2N393 is suited to di- 
rect-coupled transistor logic circuitry. 
Max ratings include storage and junc- 
tion temperatures of 85 C, collector-to- 
emitter voltage of 6 volts. Dissipates 25 
mw at 45 C. Current amplification fac- 
tor at 25 C is 50 ma. Max collector 
saturation voltage is 0.07 volts, max 
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Special Century Motors Control 
Belt Screech 


These Century polyphase motors are designed for low starting 
torque. They are mechanically interchangeable, rating for rating, with 
Standard Design B motors. But, as shown in the speed-torque curve, 
they are internally designed for static torque only 50% more than full 
load torque. There are some applications where this low torque at 
standstill is an advantage. 

Belted drives have always been the cause of some noise—the same 
disturbing sound made by tires skidding on pavement. Flat belts had 
a characteristic sound at all times, varying from a “‘singing’’ sound to 
a real ‘‘screech.”’ In recent years, quiet belted drives have been pos- 
sible with the universally used V-belts. A continuing problem has been 
to start the driven machine without a few seconds of screech. When 
the typical motor (Design B or Design C) is energized, it develops so 
much torque that even properly applied V-belts are apt to screech as 8 
they bite into the sheaves. In many locations this noise is objection- ven wat TORQUE ——> 
able. And the high starting torques impose unnecessary strains on the Comparison of typical rating — NEMA DESIGN “B” and SPECIAL LOW TORQUE DESIGN 
driven machine. 


FULL LOAD 


PER UNIT SPEED ————> 


a 








For driven machinery (such as blowers) having a low starting 
torque requirement, we have found that the objectionable noise can 
be eliminated by this special design motor. This proved to be a simple 
solution to a vexing problem for several 


of our customers. For help on your motor CENTURY ELECTRIC COMPANY 


problems, call your Century Sales Office. ’ 
St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


Ce 
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ANGULAR 
TRANSDUCER 
eee ae 
SYSTEM 


Instrumentation for the wheel-balancing application shown includes 
the two units of the ROTAN system—Type 182A Angle-Encoding 
Transducer and Type 183A Rotational Analyzer—working in con- 
junction with a linear variable differential transformer and a Type 
QO Plug-In Unit in a Type 533 Oscilloscope. 


A Type 182A Angle-Encoding Transducer and a Type 183A 

Rotational Analyzer comprise the new Tektronix ROTAN 

system. Designed to study rotation-associated phenomena in 

machinery, the two ROTAN units adapt an oscilloscope to 
provide horizontal trace deflection proportional to angular displacement of a 
rotating shaft. The ROTAN system generates a horizontal sweep representing 
shaft angle—at speeds from essentially zero to 20,000 rpm. Transduced data, 
such as velocity, pressure, acceleration, or vibration (applied to the oscillo- 
scope vertical input), appears on the crt screen correctly referenced to this in- 
stantaneous angular position. 


TYPICAL ROTAN DISPLAYS 


Diesel engine cylinder pressure vs 

crank angle. 360° display with 10 

intensity markers. Intensified por- 
tion is the 50° sector covered by the 
main sweep, starting at 160°. 


Vibration vs. crank angle. 360° dis- 
play of a 4-cycle, 1-cylinder gaso- 
line engine 


Ignition vs. crank angle. 360° dis- 
play with 10° intensity markers. The 
upper trace is the secondary voltage 
and the lower trace is the secondary 
current 


Bearing housing displacement vs 
angular shaft position—wheel bal- 
ancing application. Left: a normal 
trace, 360° rotation of the wheel, 
10° intensity markers. Right: a mag- 
nified trace, 1° intensity markers 
Amplitude designates the amount 
of wheel unbalance. Peak desig- 
nates the point of unbalance 


Price, ROTAN System... $850.00 


f.0.b. factory 


Tektronix, Inc. 


P.O. Box 500 


Cal/ your Tektronix Engineer for a demonstration 
of the ROTAN system in your own application. 


Beaverton, Oregon Phone Mitchell 4-0161 TWX—BEAV 311 ° Cable: TEKTRONIX 
TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. « Atlanta, Ga. + Baltimore (Towson, Md.) « Boston (Lexington, 
Mass.) + Buffalo, N.Y. + Chicago (Park Ridge, Ill.) » Cleveland, Ohio « Dallas, Texas « Dayton, Ohio » Denver, Colo. « Detroit 
(Lathrup Village, Mich.) « Endicott (Endwell, N.Y.) « Greensboro, N.C. « Houston, Texas « Indianapolis, Ind. + Kansas City 
(Mission, Kan.) « Los Angeles, Calif. Area (East L.A. « Encino « West L.A.) « Minneapolis, Minn. « New York City Area (Albertson, 
1, N.Y. « Stamford, Conn. « Union, N.J.) « Orlando, Fla. « Philadelphia, Pa.« Phoenix (Scottsdale, Ariz.) « Poughkeepsie, 
N.Y. « San Diego, Calif. + San Francisco (Palo Alto, Calif.) « St. Petersburg, Fla. « Syracuse, N.Y. « Toronto (Willowdale, Ont.), 
Canada + Washington, D.C. (Annandale, Va.) 
TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronics, Portland, Oregon « Seattle, Washington. 
Tektronix is represented in twenty overseas countries by qualified engineering organizations. 


In Europe please write Tektronix Inc., Victoria Ave., St. Sampsons, Guernsey C.|., for the oddress of the 
Tektronix Representative in your country. 
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base driving voltage is 0.5 volts for on 
switching conditions. Hermetically 
sealed in TO-24 package with 1/-in. 
leads. Units meet MIL-S-19500. CBS 
Electronics, Danvers, Mass. 
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HIGH-VOLTAGE 
SILICON RECTIFIER 


Cartridges have voltage values from 
400 to 20,000 volts d-c, for output cur- 
rent requirements from 45 to 250 ma. 
Units are capable of withstanding cur- 


rent surges to 2.5 for 8 millisec. Units 
\perate over temperatures from —55 
to +-150 C. Cartridges can be supplied 
with reverse current leakages of 0.02 
vamp at 25 C. Electronic Devices, Inc., 
50 Webster Ave., New Rochelle, N. Y. 
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MEDIUM-POWER 
TRANSISTORS 


Types 2N1658 and 2N1659 transistors 
dissipate 15 watts at 25-C case tem- 
perature. Units have less than 1% in. 
diam, are stud-mounted in cold-welded 


Be iste a alten a 


package with flexible leads. Thermal 
resistance, 5.0 C per watt; current gain, 
90 max; rms emitter current, 1 amp 
max; rms base current, 0.5 amp max; 
gain-bandwidth product, 500 kc min; 
saturation voltage, 0.25 volts max. For 

(Continued on Page 191) 
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lead wires 
in stock 


all types, sizes, insulations, 
colors, temperature ranges 


by Belden 


Over fifty million feet of lead 
wire is in stock... 
available for immediate shipment 


Ask for Belden Lead Wire 
Catalog L59 


Ha aL 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


magnet wire » power supply cords « 
cord sets « portable cordage + 
control cables « electronic wire 
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Now! Get premium features in a DVM priced at only $940 


Cubic Corporation announces the V-45 
—the first low-cost digital voltmeter 
with premium features. Now industrial 
users can buy a top-quality, precision 
four-digit instrument at a price they 
can justify—only $940. Here are the 
premium features vou get in a V-45: 


Floating Input: Both sides of the input 
may be floated above or below ground. 
The floating input circuit provides 
more than 80 db rejection to 60-cps 
common-mode signals. A grounded 
input is also supplied. 


Extended Range: A 10% extension is 
incorporated in each of the V-45’s three 
ranges. Voltages up to 10.999 may be 
read on the 10-volt range; voltages up 
to 109.99 may be read on the 100-volt 
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range; and voltages up to 1099.9 may 

be read on the 1000-volt range. There- 
fore, the operator need not constantly 
shift back and forth between ranges 
when reading close to the normal 
upper limit of a range. 


Transistorized Logic and Drive Circuit: 
The V-45 DVM uses construction tech- 
niques representing the latest state-of- 
the-art, with all-transistorized circuitry 
driving reliable stepping switches. 
Cubic manufactures a complete line 
of quality digital instruments, includ- 
ing a-c and d-c voltmeters, ohmmeters, 
ratiometers, scanners and printer 
controls. Write for literature to Dept. 
ET-101, Industrial Division, Cubic 
Corporation, San Diego 11, California. 
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SPECIFICATIONS 


MODEL V-45 DIGITAL VOLTMETER 


Input Impedance: 10 megohms 

at balance. 

Ranges: Manually selected, 

10% extended range 

Low +0.000 to + 10.999 vde 

Mid +00.00 to + 109.99 vde 

High +000.0 to + 1099.9 vde 

Sensitivity: 1 millivolt 

Sensitivity Control: Continuously var- 

iable from 1 digit to standby lockout. 

Power Input: 105-125 vac, 50-60 cps, 
25 watts standby, 30 watts operating. 

Dimensions: 19” wide, 5%” high, 14” 

deep, rack or bench mounting with 

dust-proof switch and bridge section. 

Average Balancing Time: Less than 2 sec. 


| cubic 
CORPORATION 
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Specially 
Designed 

for 
Competitively 
Priced 
Equipment 


The price is right. Quality is 
in keeping with Lovejoy’s 
standards. You’ll get more 
pulley per unit cost than 
any other in a comparable 
price range. 


@ High ratio for small face 
diameter 
Smooth pulley faces—no 
interlocking fingers 


ae 

@ Infinitely variable over full 
speed range 

e 


Compact, lightweight 
construction 


Sizes range from fractional to 1 hp., 
ratios to 2.8 to 1. 


Request OEM 
Series 
Bulletin 701. 


Ask for 
recommen- 
dations on your 
application. 


BET 
LOVEJOY FLEXIBLE COUPLING CO. 


4802 Ww. LAKE ST. * CHICAGO 44, ILL. 
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2N1658: collector-base voltage, —80 
volts max; collector-emitter voltage, 
—50 volts max; leakage current, 500 
pamp at 30 volts max. For 2N1659: col- 
lector-base voltage, —60 volts max; 
collector-emitter voltage, —40 volts 
max; leakage current, 500 wamp at 60 
volts. Minneapolis-Honeywell, Semicon- 
ductor Products Div., 1015 Sixth St. 
S., Minneapolis 4. 
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POWER SWITCHING 
TRANSISTORS 


Models 2N1651, 2N1652, 2N1653 dif- 
fused-base germanium transistors can 
switch up to 1600 watts. Diffused base 
gives low input resistance, high cutoff 


frequency while still maintaining high 
breakdown voltage. Absolute maximum 
ratings for p-n-p models range from 60 
to 120 volts d-c for both collector-emit- 
ter and collector-base voltages; emit- 
ter-base voltage, 2.0 volts d-c; d-c col- 
lector current, 25 amp; average power 
consumption, 100 watts. Fall time, 1.1 
psec; storage time, 1-8 psec; rise time, 
19 usec. Mounting kit available. Bendix 
Corp., Red Bank Div., Holmdel, N.J. 
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MINIATURE SILICON DIODES 


Series BC 100 ceramic-case silicon 
power diodes, measuring 0.110 in. diam 
x 0.250 in. long, are rated 1.0 amp at 


epee au 
1 


iT 
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50 C and are available with 50-1000 
volts peak inverse voltage. Operating 
temperature, to 180 C; storage temper- 
ature, to 200 C; double-diffused junc- 
tion; no heat sink required. Designed 
to meet MIL-S-19500 and MIL-E-l. 
Bradley Semiconductor Corp., 275 Wel- 
ton St., New Haven 11, Conn. 
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10-WATT ZENER DIODE 


Series of 10-watt Zener diodes is avail- 
able over the voltage range of 6.8 to 200 
volts. Units contain single p-n junctions 
formed by diffusion of phosphorus into 
boron-doped silicon at 1300 C. Types 
available include 10M6.8Z5 through 


CAN DELIVER 


Automatic 
Molded 


[2 
ya 
Units 


WITH SUCH 
ADVANTAGES 
AS: 


Low Mold Cost 
Short or Long Runs 
Low Piece Cost 


SEND YOUR PRINTS 
FOR QUOTATION 


® 
AND MANUFACTURING COMPANY 


FPLASTICS 


CUSTOM-ENGINEERED 
ED 


123 ROTARY DRIVE 
GURNEE, ILLINOIS 
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EAGLE’S HPS CYCL-FLEX 


Offers: 


e Fast, easy installation 
e Quick change of time ranges 


e Quick means of localizing trouble 


To Remove: Lift handle and pull out 


With 4 switches 2 switches operate 


I 
| 
' 
| 
| 
| 
1 
| 
| 
I 
| 
I 
1 
| 


instantly when timer is energized — 2 
switches operate with time delay — delay “cowacts Contacts 
time adjustable — selection of dials from 

10 seconds to 60 hours. 


For more details on the Cycl-Flex Timer, write for free Bulletin 125 
or contact your local Eagle Representative listed in Thomas Register, 
Conover-Mast Directory, or Phone Directories in 25 principal cities. 


EAGLE SIGNAL COMPANY « Moline, Illinois 


A DIVISION OF THE GAMEWELL COMPANY, AN E. W. BLISS COMPANY SUBSIDIARY 


MANUFACTURERS OF THE MOST COMPLETE LINE OF INDUSTRIAL 1,ME-COUNT CONTROLS 
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10M200Z5 ; IN2970B through IN3015B; 
IN1351A through IN1375A; IN1806A 
through IN1836A; IN1603A through 
IN1609A. Most types available with 
10 and 20 per cent tolerances and/or 
reverse polarity. Dickson Electronics 
Corp., 248 Wells Fargo Ave., Scotts- 
dale, Ariz. 
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TRANSISTOR HEAT 
DISSIPATORS 


Miniature finned Model T heat dissi- 
pators use gas or air as cooling medium. 
Capacities, from 1 to 10 watts; thermal 
resistance, as low as 1 F; pressure 


CPE rere | 
losses, as low as 0.025 in. H,O. Tran- 
sistors are plugged into heat dissipator 
and both become an integral plug-in 
component of electronic system. Horkey- 
Moore Associates, 24660 Crenshaw 
Blvd., Torrance, Calif. 
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TRANSISTOR TEST SOCKETS 


Molded TFE-fluorocarbon test sockets 
have reversible contacts that can be 
changed to compensate for wear. Spade 
lugs allow quick contact changeover 


without soldering. Channel in socket 
lets foreign matter pass through. Elec- 
trical properties, essentially unchanged 
up to 400 F, are: power factor, less than 
0.0003 from 60 cps to 30,000 mc; short- 
time electric strength, 1000 to 2000 
volts. Atlantis Electronics Corp., 3322- 
26 Broadway St., Garland, Texas. 


Circle 521 on Inquiry Card 
TRANSISTOR HOLDER 


Type 9005 “Universal Spring Hat 
Holder,” which will accommodate over 
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LOooK 
FOR THE 


DIAMONDS-—SIGN 
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QUALITY 


ISOBRITE } 


COPPER # 607-622 
FULL BRIGHT 


Best for high-speed, full-bright finish on 
zine die castings, steel, brass or bronze. 


CONSISTENT MAXIMUM BRILLIANCE— 
Primary agent suppresses burning, sec- 
ondary agent operates well in medium 
and low current density area; both 
contribute to overall brightness. 


COMPLETE COVERAGE—Covers extremely 
well in low current density areas. Ideal 
for parts requiring deep throw; pro- 
duces plate in deep recesses com- 
parable to buffed areas. 


ECONOMY—Plates uniformly over high 
and low current density areas to save 
on copper consumption. Easy analysis 
for brightener level. 


ISOBRITE } 


COPPER 
PLATING 
PROCESSES 


to fit your operations, your 
production and cost needs. 


ISOBRITE } 


COPPER #623 
GENERAL PURPOSE 


Ideal for shops with varied operations. 
Gives full or semi-bright plate on zinc base 
die castings, steel, brass or bronze. 


EASY-TO-USE—A single addition agent 
for rack or barrel plating. Easily con- 
trolled for desired brightness level. 


HIGHLY ECONOMICAL — Use as semi- 
bright at half the cost of full bright 
solutions. 


VERSATILE—Easily buffed to cover wheel 
marks. Also brightens well in areas not 
easily accessible to buffing. Use in rack 
or barrel plating operations. 


YY) ibkiD 


COPPER #625 
BUFF BRIGHT 
Produces a very soft plate for quick buffing. 


A COMPLETELY ORGANIC SYSTEM—No 
metallic constituents. 


VERY ECONOMICAL—Works well over 
wide variations of temperatures and 
concentrations, 


EXCELLENT FOR STOP-OFF— Produces 
plate that resists penetration by heat- 
treating or case hardening. 


VERSATILE—Use in cyanide solutions 
with or without tartrates, Rochelle 
salts or proprietary substitutes. 


These Isobrite Copper Processes contain no lead and are ready to work as soon as 
current is turned on, even after week-end shut downs. This means increased production 
and substantial savings by eliminating poorly plated rejects. 


Auxiliary Addition Agents for Added Efficiency and Economy 


ISOBRITE #630 


Aids anode corrosion for greater efficiency and pro- 


duces finer grained deposits. 


ISOBRITE #631 


Chrome reducer. Wide range of operation. Forms no 


undesirable breakdown products. 
ISOBRITE #627-wW Wetting agent. Non-ionic surface agent with low- 


foaming action. 


ISOBRITE #628-W High detergency type wetting agent for severe organic 
contamination. All our wetting agents are easily 
cleaned from parts to give good nickel adhesion. 


See your Allied Field Engineer for com- 
plete information and recommenda- 
tions for the specific process 
that best meets your require- 
ments. He's listed under 
“Plating Supplies” in the 
yellow pages. Or, write for 
FREE TECHNICAL DATA FILES. 


4004-06 EAST MONUMENT STREET ¢ BALTIMORE 5, MARYLAND 
BRANCH PLANT: 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 


Allied Research Products, Inc. 


West Coast Licensee for Process Chemicals: |. H. Butcher Co. « Evropecn Agent: Sture Granberger, Storgaton 10, Stockholm, Sweden 


Chemical and Electro 
chemical Processes, Anodes, 
Rectifiers, Equipment ond Supplies for Metal Finishing 


IRIDITE bi 
Chromates 


Vea 1a: 


CND*| EUIID*| EI 
Coatings | Brighteners Supplies Equipment 
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Kearfott Uninterrupted Power Systems... 


FOR GONTINUOUS, UNVARYING 
POWER AT ALL TIMES 


| NORMAL POWER 


=mme NORMAL POWER FLOW 
mmm EMERGENCY POWER FLOW 


STATIC DC 
POWER SUPPLY 


} 
| [Tat Loan | TWO ELEMENT UNINTERRUPTED POWER SUPPLY . 
| [aco is 


Typical applications: Nuclear Reactors = Power Distribution 
» Digital Computers = Process Control» Communication Systems 


Kearfott Uninterrupted Power Systems are vital in applications 
where any interruption in AC power can cause serious loss or 
delay. These continuous power systems, which can be tailored 
to a variety of requirements, put an end — once and for all — 
to the problem of varying or intermittent prime power. 


In one representative system arrangement, an AC generator 
is driven by a DC motor which derives power from a regulated 
rectifier in parallel with a long-life storage battery. When power 
fails or varies the rectifier, which normally supplies power to 
the DC driving motor, is disconnected and the battery provides 
surge-free power to the motor—in zero time. When prime power 
is restored, the system automatically reverts to standard op- 
erating conditions and the battery is restored to readiness by 
the main battery charger. 


Also available in 2 and 3 unit systems operating in parallel with 
or isolated from the line, Kearfott’s compact uninterrupted 
power systems also provide audible and/or visual alarms to 
indicate over- and under-voltage, overload or ground condi- 
tions. 

Generator ratings to 


150 KVA 60 and 400 cycles, 
single and polyphase. 


Frequency, voltage, and 
transfer regulation as 
required by the application. 


For complete data on the wide variety of arrangements available, write to: 


KEARFOTT DIVISION 


Cp GENERAL PRECISION, INC. 


Little Falls, New Jersey 
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800 different round or oval transistors 
and diodes of varying sizes, is available 
with base insulator. Knee-action stain- 
less-steel spring permits easy replace- 
ment of component. Radiator is black- 
anodized aluminum alloy. Base insula- 
tor is glass-epoxy laminate. Augat Bros., 
Inc. 33 Perry Ave., Attleboro, Mass. 
Circle 522 on Inquiry Card 


CORD CLAMPS IN 

CHAIN FORM 

Cord clamps, in a variety of chain form 
designs, allow rapid automatic crimp- 
ing. Features include coined edges for 


a © _Mi Malco Cord Clamps Can 
| Be Attached With Ome Machine 


uniform crimp, serrations and windows 
for greater holding power. Clamps avail- 
able in brass or aluminum over a range 
of cord diameters. Malco Mfg. Co., 
4025 W. Lake St., Chicago 24. 
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MULTIPLE CONNECTOR 


Connector 3000H21AB provides multi- 
ple connections to one terminal. It is a 
female connector for attachment to the 
male terminals normally furnished on 
many electrical components. Another 
double-duty connector can be attached 
to integral male terminal. Made of 
heavy-gage brass to meet UL require- 
ments for mechanical strength and 
electric-current rating. Crimp-on sec- 
tion accommodates 18 to 12 AWG wire 
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with normal insulation. Available in- 
dividually or in continuous strips for 
automatic attachment. Ark-Les Switch 
Corp., 51 Walter St., Watertown 72, 


Mass. 
Circle 524 on Inquiry Card 


PRINTED-CIRCUIT 
CONNECTOR 


“Taper-in” connector will mount all 
0.070 to 0.055 in. thick printed-circuit 
cards. Receptacles will receive Series 


CONTACT 


53 taper pin line, both pre-insulated 
and formed types. Designed to permit 
500 insertions and removals without 
damage to foil pads, or critical wear on 
contact gold plating. Connector has 22 
contact positions, contacts of phosphor 
bronze, gold over nickel. Block is ester 
alkyd, glass-filled. Dimensions: 4.21 in. 
long; 0.156-in. spacing between con- 
tacts. Pin receptacles are lettered and 
numbered. AMP Inc., Harrisburg, Pa. 
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PERFORATED V-BELT 


Belting, available by the foot, can be 
simply joined by means of a fastening 
device and an ordinary screwdriver. 


Steel fasteners are pre-bent to obviate 
bending stresses. Available in O, A, B 
and C standard sections. Rockwood 
Pulley Mfg. Co., 20 Crosby St., New 
York. 
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HEAT-RESISTANT 
RACK-AND-PANEL 
CONNECTOR 

Model 32T rack-and-panel connector 


has 32 separately insulated terminals. 
Withstands elevated temperatures to 
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FOR PRECISE 


400-CYCLE POWER 


Specify Kearfott 
Motor Generator Set Systems 
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Kearfott 60-to-400 cycle motor generator 
frequency converters are in active use 
wherever precise 400-cycle power must be 
supplied . . . including laboratories and in 
such other representative applications as 
production testing, high speed tool opera- 
tion and ground support. These generator 
systems, which consist of a 60 cycle syn- 
chronous motor and a 400 cycle generator, 
can be supplied with controls and generator 
as an integral, compact unit—or with con- 
trols and generator separately located. 


PERFORMANCE SPECIFICATIONS 


Frequency: 400 cycles under any rated load condition with 60 cycle input. 


Voltage Regulation: Within +1% of rated voltage when (1) load varies 
between no-load and 125% of rated load, and/or (2) load power 
factor varies between 0.8 lagging and unity, and/or (3) equipment 
temperature varies after approximately 10 minutes’ operation. 


Voltage Recovery: When rated load is suddenly applied or removed, voltage 
will return to and remain within regulating band within 0.25 seconds. 


Voltage Adjustment: Continuously adjustable to +10% of rated value. 
Deviation Factor: Maximum 4% between no load and full load. 
Overload: Equipment delivers 125% of rated load for 2 hours. 


Amplitude Modulation: Maximum 1% of peak-to-peak voltage at any load 
between no load and full load, at any power factor between 0.8 
lagging and unity. 


Frequency Modulation: Maximum 0.5% at any load from no load to 125% 
of rated load. 


KEARFOTT DIVISION 
GENERAL PRECISION INC. 


LITTLE FALLS, NEW JERSEY 


Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J. 
Midwest Office: 23 W. Calendar Ave., La Grange, Ill. 

South Central Office: 6211 Denton Drive, Dalias, Texas 

West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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Background is schematic of world-famous Ward Leonard system of control. 


In modern rheostat circuits, it’s 


SERVICE CONTINUITY THAT COUNTS 


Production stopped. Workers idle. But 
wages, maintenance costs, and fixed 
charges go merrily on accumulating. 
That’s the black picture when an in- 
dustrial control component—specifically 
a rheostat—fails. That’s why reliability 
is more important than initial cost. In 
many cases, these irrecoverable charges 
and costs can quickly far exceed the re- 
placement cost of the faulty components. 
And that’s why far-sighted designers 
are more and more specifying Ward 
Leonard VITROHM ring rheostats for 
control circuits where performance is 
a must...in motor and generator field 
control circuits...for electronic tube 
filament circuits...wherever substan- 
tial amounts of power must be handled 
with utmost rheostat reliability. 
Ward Leonard ring rheostats, in sizes 
of 25, 50,100, 150 and 300 watts, feature 
W/L’s exclusive “twin contact shoe” 
design. Two sintered, self-lubricating 
contact shoes minimize wear and assure 
uniform contact pressure, smooth oper- 


ation, and maximum reliability. 

Special alloy resistance wire—made 
to W/L’s closely monitored specifica- 
tions to assure highest stability and 
lowest practical temperature coefficient 
—is bonded permanently to ceramic core 
by Ward Leonard’s own VITROHM 
vitreous enamel, 

These are just a few of the reasons 
why VITROHM ring rheostats give you 
outstanding reliability in industrial 
control circuits. There are many more 
quality-engineered features than we 
can describe here—for instance, highest 
grade ceramic base and core, durably 
bonded tinned alloy terminals, and bal- 
anced beryllium copper contact arm. 
You'll find them all in Bulletin 60RR 
(and for powers above 300 watts, check 
W/L plate rheostats in Bulletin 60A). 
For your copy, and for a list of stock- 
ing distributors, write: Ward Leonard 
Electric Co., 34 South St., Mount 
Vernon, N.Y. (In Canada: Ward Leonard 
of Canada, Ltd., Toronto.) °.8 


WARD LEONARD 
ELECTRIC CO. 


RESISTORS + RHEOSTATS + RELAYS « CONTROLS 
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200 C, humidity and salt spray. Gold 
plating to 0.0001 in. thickness on mat- 
ing terminal surfaces for low contact 
resistance. Male guide pins and female 
guide sockets used for quick alignment 
of connectors. Dimensions, 1.25 in. high 
x 3.9375 in. wide. Unit has four stag- 
gered rows of eight TFE-fluorocarbon- 
insulated terminals each. Jupiter Elec- 
tronics, Inc., 225 E. 144 St., New York 
DL. 
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PUNCHED-CARD SWITCH 


Multiple punched-card unit utilizes 72 
switches, one for each hole position. 
Each side of each switch is isolated 


and tapered to accept taper-tab re- 
ceptacles. Weighs 3.2 lb, measures 3%6 
5 & 4% in. Taurus Corp., 8 Coryell 

St., Lambertville, N. J. 
Circle 528 on Inquiry Card 


MICROMINIATURE 
LOGIC MODULE 


Microcircuit bulding block in the form 
of a universal logic deck performs an 
inverter/amplifier function. Two com- 


bine to form standard flip-flop; other 
connections form variety of logic func- 
tions. Modules can be supplied with 
either standard discrete components or 
with vacuum-deposited thin-film resist- 
ors, capacitors and semiconductors. En- 
capsulation available. CBS Electronics, 
Danvers, Mass. 
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ROTARY COMMUTATORS 


Commutators for use in analog-digital 
conversion, telemetry, sampling, scan- 
ning, programming and pulsing have 
gold- or rhodium-plated contacts em- 
bedded in epoxy resin and diamond 
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Always One Station Committed. 
Can Not Commit 2 Stations 
Simultaneously. 

Front Panel Lamp Replacement. 


This new Control Switch concept in multi-station inter- 
locking switches features a unique ‘‘CHEAT-PROOF”’ 
design. One station is always committed. It is impos- 
sible to tease the system into an ‘‘all stations up” 
position. Actuating any of the four lighted pushbuttons 
causes the previously depressed button to return to 
normal at the exact point the system is committed to 
an alternate station. A lockout system makes it impos- 
sible to commit two stations simultaneously. 


The Pushbuttons are individually illuminated with 
standard MS 25237 type lamps which are easily re- 
placed from the front. Buttons are available in six 
colors and can be engraved. 


The new Control Switch Interlock has been designed 
to permit various other station combinations. All units 
are engineered to withstand unusually high shock and 
vibration conditions. 
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mobDEL WC-1730 


actual size 


CHARACTERISTICS 


«5 PET. 

. 5amps @ 125-250 VAC 

5 amps Res. @ 30 VDC 

2.5 amps Ind. @ 30 VDC 
Switches per MS 25085-1 

MS 25237 Type 

Bre wey .. 9 OZ. max. 

. . panel surface 334” x 2” 

depth behind pane! 1'X,” 


Station Circuit 
Electrical Ratings 


Lamps (not furnished) 
Weight 
ag A 


ELECTROSNAP + HETHERINGTON 


CONTROL 
SWITCH 


DIVISION 
CONTROLS COMPANY OF AMERICA 


1410 Deimar Drive « Folcroft, Pennsylvania 
TELEPHONE LUGdiow 39-2100 - TWX SHRN-H-SO2 


Manufacturers of a full line of switches, controls 
and indicators for all military and commercial ap- 
plications. All standard units stocked for immedi- 
ate delivery by leading electronic parts Distributors. 
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NEW 


sub-fractional h.p. 
WORM DRIVE 


TYPE WGM 


_——_— 
a eo 
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QUIET 


operation 
\ oes pe 
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efficient / 
low cost\ 


A two-pole, shaded pole AC induction motor with totally enclosed die 
cast gear-reducer. Available for 6 to 220 volts, 50 or 60 cycle AC. Gear- 
reducer speeds, ¥2 to 300 rpm. Output torque up to 50 inch lbs. at 4% rpm. 
Precision worm drive. Output shafts, 34”, 4%", 5%", 3%”. Mounts in any 
position. Ideal for motorized office equipment, revolving displays, vend- 
ing machines, remote TV tuning, etc. Optional: solenoid brake for fast 
stopping; overload thermal protection; varnish impregnated stator; stain- 
less steel or plated shafts. 


We custom-design motors up to 1/40 h.p.; 6 to 220 v., 50 or 60 cycle; 


¥% to 800 rpm.; torque up to 200 inch Ibs. Special gear-reducers designed 
to your requirements at low cost. Send for details. 


“= Molon Motor & Coil Corp. 


3737 Industrial Avenue ¢ Rolling Meadows, Illinois 
Custom Designers and Manufacturers of Sub-Fractional Horsepower Motors and Gear-Reducers 
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You'll be in good company... 
Pressure-Sensitive, Anodized Aluminum Foil 


NAMEPLATES 


Certified to meet all 
MIL Specs. 
IMMEDIATE 
DELIVERIES 
FOR FREE SAMPLES 
and your nearest 
sales representa- 
tive, contact... 
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TRANSMITTER 
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1270 N.W. 165th St., N. Miami Beach 69, Fla. 


New York Office: 214-27 Northern Bivd., Bayside 61, N. Y 
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turned to 4 to 6 microin. stepless fin- 
ish. Commutating surfaces engaged by 
special multiple strand brushes to pro- 
duce minimum noise and life expectan- 
cy over 20 million cycles at speeds up 
to 2000 rpm. Airflyte Electronics, 535 
Avenue A, Bayonne, N. J. 
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REMOTE-CONTROL 
INDICATOR 


Instrument provides remote “open-stop- 
close” or “on-off” control and status 
indication of power-operated devices. 


Control of motors, blowers and similar 
devices is accomplished with two wires 
between remote point and central con- 
trol location. Standard field unit is suit- 
able for controlling up to 2-amp coils 
at 480 volts. Texas Instruments, Inc., 
3609 Buffalo Speedway, Houston 6, 
Tex. 
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MODULAR READER 


Type 290 simultaneously reads eight 
characters on perforated tape (up to 
12 characters on special request). Re- 
duces data storage and switching cir- 
cuits. Tape driven from left to right in 


character-by-character tape advance. 
Reading of first and last characters of 
block provides information for block 
advance control. Power transistors, 
controlled by flip-flop circuit, operate 
brake and clutch magnets. Remote con- 
trol on front panel to “run” or “stop” 
state available. Ferranti Electric Inc., 
95 Madison Ave., Hempstead, L. L., 
eves 
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PHOTOELECTRIC 
CONTROL PACKAGE 


Type 22LB5 transistorized printed cir- 
cuit is contained in a cylinder 744 in. 


foes 


long * 15% in. diam with conduit hub 
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OHMITE 


Ohmute offers you industry's most. C0 m 


rheostats. All sizes are available 


LOC 


wide range of resistance values, uding 
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16 Quality Engineering Features: 


. Vitreous enamel bonds the core and 
base together into one integral unit. 


. The wire is wound over a solid porce- 
lain core, and each turn is locked 
against shifting by vitreous enamel. Uni- 
form or tapered winding. 


. Close graduation of control. Each turn 
of wire is a separate resistance step. 


. Large, flat surface upon which the con- 
tact brush rides. 


. Metal-graphite contact brush (varied to 
fit current and resistance) insures good 
contact, with negligible wear on the 
resistance wire. 


. Shunt pigtail of ample size carries the 
current directly to the slip-ring. 


. Large slip-ring of high-current carrying 


ability minimizes mechanical wear and 
provides connection from the moving 
contact to the terminal. 


. Potentiometer use. The rheostats are 


provided with three terminals so they 
can be used as potentiometers or volt- 
age dividers. 


. High strength ceramic hub insulates the 


shaft and bushings from all live parts. 
All sizes will stand a 3000 volt a-c 
breakdown test to ground. 


. The contact arm is a long tempered 


steel spring which assures uniform con- 
tact pressure at all times. Cadmium- 
plated for corrosion resistance. 


. Rounded pivot holds contact brush in 


flush-floating contact with wire. 


. Stops which are keyed to the shaft and 


OHMITE 
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LARGE RHEOSTAT 
DESIGN MODELS P, 
N, R, T, AND U: 225 
WATTS TO 1000 
WATTS, INCLU- 
SIVE. OTHER MOD- 
ELS ARE SIMILAR 


base limit the rotation—thus no tor- 
sional strain is imposed on the contact 
arm on stopping. 


. Compression spring maintains uniform 


pressure and electrical contact between 
slip-ring and center lead at all times. 


. Models E, H, J, G, K, and L: End 


thrust is taken by a retaining ring, 
Models P, N, R, T, and U: End- 
thrust is taken by a stop washer. Steel 
shaft in brass bushing provides a 
wear-resistant, wobble-free bearing. 


. Ohmite rheostats meet requirements of 


NEMA and EIA (formerly RETMA), 


. There are only ceramic and metal in the 


construction of Ohmite rheostats— 
there is nothing to char, burn, shrink, 
or deteriorate. 





Friden makes a 
desk calculator that 
does this automatically 


The Friden Model SRW is the only 
calculator in the world that extracts 
square root at the touch of a key. 


Because it does, a tedious, time-con- 
suming job becomes as easy (and as 
quick ) as entering the radicand, fixing 
the decimal point, reading the answer. 


Because the time it saves generally belongs to high-priced people, 
the SRW will pay for itself even if used only a few times a day for 
square root. (The Model SRW is also a complete desk calculator 
in its own right, with all of Friden’s time-saving features. ) 


Call your local Friden Representative for a no-obligation, ten-minute 
demonstration. Or write: Friden, Inc., San Leandro, California. 


THIS IS PRACTIMATION: automation so hand-in-hand with 


practicality there can be no other word for it. 


Circle 


© 196: Friven, we 


2 | riden 


SALES SERVICE AND INSTRUCTION 
THROUGHOUT THE U.S AND WORLD 
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threaded for 14-in. pipe for mounting 
in any position. Unit contains sensitive 
cadmium cell, amplifier, power trans- 
former and output relay with SPDT 
contacts. Relay operations with 0.015- 
sec light impulses possible at light- 
beam ranges up to 20 ft, with light 
source Type 40CE1. Photoswitch Div., 
Electronics Corp. of America, One 
Memorial Dr., Cambridge, Mass. 

Circle 533 on Inquiry Card 


PHOTOELECTRIC 
SCANNER SYSTEM 


PE7 scanner, combining sensitive pho- 
toelectric scanner relay and adjustable 
electronic timer on the same chassis, is 
adaptable to monitoring inspection and 
counting. Sensitivity ranges from 2 in. 
to 18 ft. Adjustable time delay ranges 
from 1.5 to 30 sec. Two separate SPDT 
relays have pull-in, hold-in and drop-out 
characteristics determined by connec- 
tions. Relay-contact ratings are 8 amp 
non-inductive at 125 volts a-c. Unit can 
be connected to any 100 to 130 volt 
60-cps line. Farmer Electric Products 
Co., Inc., 2300 Washington St., Newton 
Lower Falls, Mass. 

Circle 534 on Inquiry Card 
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HERE’S WHY Pa2B TELEPHONE TYPE RELAYS GIVE YOU 
reliable performance over iong life 


Heavy Duty Frame 
maintains dimensional 
stability, adds to 
relay’s sensitivity. 


Armature Pin Bearing shows 
only .0005” increase in clearance 
after 300 million operations. 


Husky Armature Arm 
prevents sagging 
or bending. 


BS SERIES TELEPHONE TYPE 
Measure the thickness of the BS series armature 
arm. You will find the cross section area is greater 
than ordinary relays of this type. Here is the kind 
of quality that spells dependability. 

Observe that the stainless steel hinge pin runs 
the full width (not just half) of the armature, pro- 
viding optimum bearing surface. This pin, operat- 
ing in a stainless steel sleeve, shows only minimal 
wear during nearly a third of a billion operations. 

Best of all, P&B quality costs no more. A whole 
new plant is being devoted to the production of 


high performance telephone type relays. Your near- 


est P&B sales engineer will be happy to discuss your 
relay problems. Call him today. 
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GENERAL: 
Breakdown Voltage: 1000 volts rms 60 cy. min 
between all elements. 
Ambient Temperature: — 55° to +-85° C. 
+125° C available on special order. 
Weight: 9 to 16 ozs. 
Terminals: Pierced solder lugs; 
Coil: One 416 AWG wire 
Contacts: Two #18 AWG wires 
Enclosures: Dust covered or sealed 
CONTACTS: 
Arrangements: DC—up to 28 springs 
AC—up to 24 4 
Material: 4," dia. twin palladium. 
Up to \4” dia. single silver. 
Other materials on special order 


Load: 4 amps at 115 volts, 60 cycle resistive 
Pressure: 15 grams minimum 
COILS: 
Resistance: 100,000 ohms maximum 
Current: 10 amps maximum 
Power: DC—50 Milliwatts per movable arm. 
Greater sensitivity on special order. 
AC—17.9 voit-amps. 
Duty: Continuous 
Treatment: Centrifugal impregnation 
Voltages: DC—up to 300 volts with series 
resistor. AC—up to 250 volts, 60 cy. 
MOUNTING: Two #8-32 tapped holes 34” 0.c. 
Other mountings on special order. 


GS SERIES—Excellent sensi- LS SERIES——Medium coil relay TS SERIES—Short coil relay is 
tivity: 50 mw per movable arm with short springs and light available in AC and DC versions. 
minimum (DC). For applica- weight armature for fast Long life construction. Can be 


tions requiring many switch- action, reliability and long life 


ing elements in small space. 


supplied (DC) with up to 20 
springs (10 per stack). 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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High-quality, low-cost 


Barber-Colman reversible 


servo motors, blower motors, 


a-c tachometer generators 


for electronic applications 


Reversible Geared Motor 


TYPICAL CONTROL CIRCUIT 


LOW COST 

HIGH STARTING TORQUE 

QUIET RUNNING 

LONG-LIFE LUBRICATION 

POROUS BRONZE OR BALL BEARINGS 
PRECISION-HOBBED GEARS 

QUALITY GUARANTEED 


es pe bo 


rh 


- 
wo 


Tach Generator 


Blower Motor 


a-c small motors 


Precision-made to give long, trouble-free 
service in a wide range of electronic 
control and cooling applications: 
Reversible Servo Motors — Compact, 
powerful for servo-mechanisms, remote 
switching and positioning units, record- 
ing instruments, voltage regulators. 
Adaptable to a variety of control circuits 
for power requirements up to 1/25 hp. 
Blower Motors—For driving blowers 
and fans. High starting torque, ratings 
up to 1/20 hp, low noise level. 

Tach Generators — Typical generated 
voltage is two volts per 1000 rpm and 
can be increased to 10 volts per 1000 rpm. 


WRITE FOR NEW QUICK REFERENCE FILE 


on the complete line of Barber-Colman a-c small 
motors: unidirectional, reversible, synchronous. 
Up to 1/20 hp. With or without reduction gearing 
- » » Open or enclosed types. Stator and rotor sets 
also available. Free engineering service 


BARBER-COLMAN COMPANY 


Dept. N, 1203 Rock Street, Rockford, Illinois 
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CRT FOR TRANSISTORIZED 
OSCILLOSCOPES 


Type 31SBP tube is a 314 by 234 in. 
flat-face cathode-ray tube designed to 
MIL-E-ID specifications. Minimum use- 


ful scan, 21% in. horizontal, 21 in. ver- 
tical, using single-beam electrostatic 
focus and deflection. Linear post ac- 
celerator and geometry-adjust electrode 
maintain deflection uniformity for min- 
imum pattern distortion. Electronic 
Tube Corp., 1200 E. Mermaid La., 
Philadelphia 18. 
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HEATER-WIRE CONNECTOR 


Splice connector for joining heater wire 
to stranded wire will accommodate heat- 
er wires from 0.085 to 1.25 in. OD, and 
stranded wire AWG sizes 14 to 18. 
Straight-line position nesting protects 


heater wire. Physical strain removed 
from splice by insulation grips. Visual 
inspection of joints allowed by “win- 
dow” in connector. For use in electric 
crimping machines. Berg Manufactur- 
ing Corp., Truon Div., New Cumber- 


land, Pa. 
Circle 536 on Inquiry Card 


HIGH-TEMPERATURE 
ADHESIVES 


“Raiseal” 100, an elastomeric adhesive, 
is rated capable of withstanding in ex- 
cess of 300 psi in shear at 700 F for 
one hr. “Raiseal” 200, a one-component 
system, is a pasty adhesive or sealant, 
for sealing and potting. Offers good re- 
sistance to acids, alkalis, fuels and oxi- 
dizers. Withstands 50 psi in tension at 
800 F for 90 min. Both materials are 
suitable for encapsulation of electronic 
components. Radiation Applications, 
Inc., 36-40 37th St., Long Island City, 
N.. %. 
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FREQUENCY-DEVIATION 
METER 


Series PI-111 pulse-rate integrator is 
designed for monitoring power-line fre- 
quencies, turbine flow sensors, tacho- 
meters, rotating machinery and other 
frequency generating devices. Features 
10 mv rms input sensitivity. Standard 





models indicate 57 to 63 cps and 380 
to 420 cps. Variations available with 
center frequencies from 50 cps to 50 
ke. Includes integrally mounted panel 
meter. Anadex Instruments, Inc., 14734 
Arminta St., Van Nuys, Cal. 
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SILICONE RESIN PAPER 


Asbestos and silicone resin paper, Style 
7601S, with no organic binders, is suit- 
able for operation at temperatures to 
180 C. Electrical properties are not im- 
paired by exposure to 275 C for 450 hr. 
In gages from 0.0025 to 0.0065 in. Tear 
strength is 100 gm with grain, 350 gm 
across grain. Electric strength is 450 
volts per mil. Asbestos Textile Div., 
Raybestos-Manhattan, Inc., Manheim, 
Pa. 

Circle 539 on Inquiry Card 


INSULATING EPOXY RESIN 


Casting powder 135E is a single-compo- 
nent resin requiring no catalyst to set. 
It is liquefied at 110 C, then poured 
over part to be protected. A 12-hr oven 
cure at 125 C completes encapsulation. 
Semi-flexible unfilled epoxy composition 
has sufficient clarity to show embedded 
part, meets MIL-T-27A and permits 


lif 


| 


BYQM-Typical Specifications 

Voltage range approx. 3 to 30 
Governed speed 

approx. 1200 to 6000 rpm 

0 to .20 oz-in 

1.29 


Torque 
Maximum dia 


BARBER 
a 


“ae 





typical applications: 


PORTABLE DICTATING 
MACHINES 


PHOTOGRAPHIC EQUIPMENT 
DRIVE MECHANISMS 


TAPE PLAYERS 
ROTATING BEACONS 
DEPTH FINDERS 
BLOWERS 

PORTABLE INSTRUMENTS 
ROTISSERIES 


Barber-Colman quality 


battery-operated d-c motors 


with integral governors 
ideal for many of today’s 
portable applications 


HYQM-Typical Specifications 


Voltage ranges 45 te 
Governe | r 

- Torque 

Maximum d 


d-c small motors 


TYPE BYQM, above left, is inexpensive, 
yet of excellent quality to meet consumer 
demand for dependability in mass-pro- 
duced goods. Its high efficiency results 
in low current drain, longer battery life. 
Integral governor features exceptionally 
stable characteristics. Rugged, self-align- 
ing bearings. 

TYPE HYQM, above right, is an ex- 
ceptionally fine-quality battery-operated 
motor for the more demanding applica- 
tions such as certain portable instru- 
ments and marine navigation equipment. 
Integral governor has adjustable station- 
ary contact. Square brushes with opti- 
mum pressure over entire useful life. 
Self-aligning sintered bronze or R1 ball 
bearings. Ambient temperature maxi- 
mum, 200° F. 

WRITE FOR HELPFUL DATA SHEETS on BYQM 


and HYQM battery-operated motors specifically 
designed to fit individual customer applications. 


| BARBER-COLMAN COMPANY 


Dept. N, 1803 Rock Street, Rockford, Illinois 
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An attractive answer to 
new code requirements 


THREE-WIRE CORD SETS are now 
required by UL, NEC and other codes 
for grounding many products. But to 
comply with these requirements, you 
don't have to sacrifice sales appeal. 
Miller Electric co-ordinates style and 
colors in 3-prong plugs, matching 
adapters and job-rated strain reliefs 
molded on vinyl insulated wire. With 
Miller’s imaginative approach to cord 
set design, your products become more 
functional, more attractive, more recog- 
nizable as yours alone — your trade- 
mark can be molded in! And this 


ne 


Patented 
FINGER PULL 
style available 


design advantage doesn’t cost more — 
may even cost less. Extremely efficient 
production and respect for your sched- 
ules save time and money. 

Select from the industry’s largest 
line of stock vinyl plastic cord set 
components or Miller's complete, cost- 
conscious engineering service will 
design and develop custom cord set 
components for you. 

A look through Miller's Design Digest 
will give you new ideas about cord sets 
and their value to your products. 


Dept. M3 


MILLER ELECTRIC CO. 


120 Main St., Pawtucket, Rhode Isiand 
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\. COSMO nylon bobbins 
You 


Save 
on 


BOBBIN... 
TOOLING... 
WINDING... 
plus OTHER 


Costs | 


You economize when you select a Cosmo 
Nylon Bobbin to meet your requirements. A 
wic variety of sizes and shapes are avail- 
able from stock. 


Rectangular 


rregular 


Cosmo Nylon Bobbins have been 
field-tested in transformers, 
solenoids, relays and fractional Square 
horsepower motors. They can be supplied from 
stock or manufactured to your exact specifica- 
tions. End your search for new savings and 
quality by investigating Cosmo Nylon Bobbins. 


DATA BROCHURE 
ON REQUEST 


SALES DIVISION OFFICES 
Arizona, California, Colorado, Connecticut, Illinois, Massachusetts, Michigan, 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington and Canada. 
IO PLASTIC: 


9 WEST 14 STREET) ern 11-5597 


> CC 


CLEVELAND ‘¢ 
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continuous operation at Class H tem- 
peratures. Marblette Corp., 37-31 30 St., 
Long Island City 1, N.Y. 

Circle 540 on Inquiry Card 


DIGITAL CLOCKS 


Model 6011 12-hr clock and Model 
6010 24-hr clock feature instantaneous 
snap-over of numbers to keep all digits 
in full view at all times. Preset of 


hours and minutes is manual. Numerals 
are %% in. high to MS-33558 (ASG); 
mounting dimensions, 2% < 23% in.; 
depth, 4 in. max. Panel-mount case and 
dust-proof cover are anodized alumi- 
num, flush-mount window is clear meth- 
acrylate. Haydon Instrument Co., 165 
W. Liberty St., Waterbury 20, Conn. 
Circle 541 on Inquiry Card 


LOW-SPEED TACHOMETER 


Instrument indicates speeds of 10 rpm 
and lower with an accuracy of better 
than 2 per cent of full scale. Unit is 
self-powered with low-torque d-c gen- 


erator. A 41% in. panel-mounted meter 
is shielded to minimize the effects of 
surrounding magnetic material. Servo- 
Tek Products Co., 1086 Goffle Rd., 
Hawthorne, N. J. 

Circle 542 on Inquiry Card 


ROTATING CONNECTOR 


Rotating electrical connector permits 
intermittent rotation or continuous free 
rotation of electrical lines and conduit 
without twisting or tangling. Ball bear- 
ing equipped throughout, furnished 
drip-proof or completely sealed. Inlets 
accept rigid conduit, flexible B-X cable, 
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INPUT DRUM 
ASSEMBLY 


FIELD COIL 


OUTPUT FIELD 
ASSEMBLY 


Get Stepless Adjustable Speed from AC Power 


with YN AM AT| ( Fractional HP Ajusto-Spede* Drives 
— on 


Wherever infinite adjustment and accurate control of speeds are 
required, Eaton-Dynamatic Ajusto-Spede Drives offer a simple, low- 
cost solution to the problem—stepless adjustment from zero to full out- 
put speed, and accurate control of any speed within the speed range. 


The Dynamatic Ajusto-Spede Drive is an integral combination of 
AC constant speed induction motor, eddy-current coupling, and 
plug-in type single-tube electronic control. Torque developed in the 
motor is transmitted to the driven member by electro-magnetic attrac- DYNAMATIC AJUSTO-SPEDE DRIVE WITH ELECTRI- 
: : ‘ ‘a : CALLY OPERATED BRAKE. With the safety type friction 
tion; there is no mechanical contact between the driving and driven 


brake, it is possible to achieve rapid deceleration and 
members. quick stop, thus providing fast cycling operation. 


Dynamatic Ajusto-Spede Drives operate on standard 115/230 volt, 
single phase, 60 cycle or 220/440 volt, 3 phase, 60 cycle alternating 
current—no special power source is required. Sizes are 1/;, /2, and %4 
horsepower at 1600 RPM; 1/2, 34, and 1 horsepower at 3200 RPM. 


With standard, special, or remotely mounted transistorized control, Dynamatic DYNAMATIC AJUSTO-SPEDE DRIVE WITH INTEGRAL 
Ajusto-Spede Drives offer many worthwhile advantages not found in other SPEED REDUCER. Because of the variety of gear ratios 


: aoe . ’ ly i 
methods of speed control. Send for illustrated descriptive literature. aeeak = a ada aes 2 wor cosa ese 


DYNAMATIC DIVISION ——— 
MANUFACTURING COMPANY 
3122 FOURTEENTH AVENUE © KENOSHA, WISCONSIN 


ORIGINATORS OF EDDY-CURRENT SPEED CONTROL EQUIPMENT 


FEBRUARY 1961 Circle 214 on Inquiry Cord 205 





ARCIN 


SUPPRESSED AT LOW COST WITH 
ITT SEMICONDUCTOR CONTACT PROTECTORS 


—— 


Specifically developed by ITT for arc suppression in 
switched circuits with inductive loads, these low-cost semi- 
conductor devices can reduce contact erosion due to arcing 
by a factor of 100 or better. They provide efficient contact 
protection in both AC and DC applications. 
Spike-shaped oscillograph trace below, shows voltage 
across an unprotected contact switching a relay; step- 
shaped trace shows improvement with a back-to-back semi- 
conductor protector connected across coil. 

write for Bulletin No. 352. 


Tr: 


SEMICONDUCTOR DEPARTMENT COMPONENTS DIVISION 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, CLIFTON, NEW JERSEY 
Circle 215 on Inquiry Card 


For complete specifications, 





SWITCHCRAFT’S 


Precision Construction | 


SWITCHCRAFT (series 16000) “TELEVER-SWITCH” 


(Telephone Type Lever or Key Switch) 


IS 


YOUR .GUARANTEE OF 


Varautveln 


T-BEAM FRAME—provides rugged assembly. 
SINGLE HOLE MOUNTING—in panels up to %” thick. 
STANDARDIZED NON-TURN DEVICE. 


POSITIVE STOPS—stop is not a part of mounting plate. 
FURNISHED—2 or 3 position actuators either locking, non- 


locking or a combination of the two. 


See Catalog No. $-58 or write for special Catalog $-302. 


or wiring for single- or 3-phase motors. 
Size is 21 in. diam by 5 in. long. Ward- 
Riddle Co., 241 Myrtle St., Ravenna, 
Ohio. 
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SILICONE-GLASS-LAMINATE 


Silicone-glass laminate 4053-3 has im- 
pact strength almost 3 times, moisture 
absorption % that of NEMA grade G-7 
standards, and is suitable for a wide 
variety of Class H equipment. Made 
with continuous filament of coarse- 
weave glass cloth, laminate withstands 
continuous exposure to 200 C. Qualified 
under MIL-P-997B. Mica Insulator Div., 
Minnesota Mining & Mfg. Co., Sche- 
nectady 1, N.Y. 

Circle 544 on Inquiry Card 


CASTING RESINS 


“Melpak” E-200 epoxy resin cures at 
room temperature, is suitable for gen- 
eral encapsulating applications. Mate- 
rial has electric strength of 430 volts per 


mil. P-200 is unfilled polyester resin for 
industrial use. Material is three-compo- 
nent system. Melpar, Inc., 3000 Arling- 
ton Blvd., Falls Church, Va. 
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VARIABLE-COMPOSITION 
RESISTOR MATERIAL 


Resistor film compositions, available 
in resistance values of 500, 3500 and 
10,000 ohms per square per mil-thick 
film, can be blended to obtain inter- 
mediate values. Applied to ceramic 


POW CACRAEY 5539 N. Elston Ave., Chicago 30, Ill. 


Rep.: Aties Radio Corp Ltd 50 Winenta Avenue Tornntn Ontario 


Canadian 
AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS e 
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dielectric bases by dip, brush or stencil 
screen, composition is then fired in 
normal atmosphere to obtain final sur- 
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NEW WESTON PANEL METERS 
PROVIDE THREE IMPORTANT 
DESIGN ADVANTAGES... 


e Exclusive magnetic shielding 
e Sustained accuracy—up to + 0.5% 
e Ranges tailored for special applications 


Long-term accuracy and reliability are special features 
of Weston’s new line of panel instruments. Accuracy 
—in Model 1761—is up to + 0.5% of full scale deflection 
when supplied with knife edge pointer and mirror scale. 
Exclusive CORMAG® self-shielded mechanisms are used 
in both Models 1751 and 1761. The meters may be 
mounted on magnetic or non-magnetic panels without special 
adjustments . . . are immune to the effects of stray 
fields and nearby instruments. Housed in dust and moisture- 
resistant Bakelite cases with glass windows, they are 
supplied in a wide variety of standard ranges. 
Special range meters with conventional magnetic 
construction are available where higher current sensitivity, 
lower resistance, special ballistic characteristics and 
controlled scale distribution are required. 

Call your Weston representative for details, or write 
for Catalogs 01-109 and 01-110—which contain 
technical information on this new line of precision panel 
meters. Weston Instruments Division, Daystrom, Inc., 
Newark 12, New Jersey. International Sales Division, 
100 Empire Street, Newark 12, New Jersey. 
In Canada: Daystrom Ltd., 840 Caledonia Rd., 
Toronto 19, Ontario. 


W dvi, 
| Da STROM, incorrorateo 


WESTON INSTRUMENTS DIVISION 
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MYSTIK 


PROVEN 
silicone 
tape 
meets 
eta teh. 
temperature 
demands 
of 
space 
age 


MYSTIK BRAND 


7000-G GLASS CLOTH TAPE 


From the staggering cold of extreme altitudes to the blister- 
ing heat of jet and rocket propulsion, Mystik 7000-G per- 
forms where other tapes wilt like uprooted plants. 7000-G 
has proven successful in a wide range of missile, aircraft and 
electronic applications where its temperature range of 
—110°F. to +550°F. insures dependability. (For example, 
the coil shown above is used in an electromagnetic compass.) 
The Fiberglas® backing of 7000-G gives it a particularly high 
tensile strength. 

The Mystik Brand line includes a double-faced glass cloth 
tape known as 7100-G for use where blind fastening is 
required. Also included is a full selection of high-tempera- 
ture tapes, electrical insulating tapes, films and foils. Write 


for details today. 


MYSTIK ADHESIVE PRODUCTS, INC. 
2635 N. KILDARE AVENUE + CHICAGO 39 
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face. Fired printed patterns and coated 
rods have abrasion and impact resist- 
ance similiar to fired silver coatings. 
Temperature coefficient, +350 ppm/ 
deg C from —55 to +125 C; voltage 
coefficient, less than 0.02 per cent volt 
negative; humidity exposure +1 per 
cent change after 250 hr at 95 per 
cent RH (unprotected film) ; overload, 
+0.5 per cent change with standard 
short-time overload; temperature cyc- 
ling +155 per cent change after 5 
cyclings from —55 to -++-125 C; load 
life, +2 per cent change after 1000 hr 
at 70 C at full load. E.I. du Pont de 
Nemours & Co., Wilmington, Del. 
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S-BAND PARAMETRIC 
AMPLIFIERS 


Line of S-Band Model $1000 amplifiers 
consists of a three-port ferrite circu- 
lator, reflection-type diode amplifier, 
pump klystron, variable attenuator 
and direction coupler monitor. Typical 


specifications: tuning range, 100 mc; 
operating gain, 17 db; bandwidth, 20 
me (at 3-db points); system noise 
figure, 2.5-3.0 db (operating into a 
mixer with a noise figure of 10 db). 
Micromega Corp., Venice, Calif. 

Circle 547 on Inquiry Card 


TRAVELING-WAVE 
AMPLIFIER 


Model M2405-A_ K,-band  solenoid- 
focused traveling-wave amplifier has 
power output rating of 1 watt min, 
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up to 6 watts output in center of 
frequency band. Standard frequency 

‘ ‘ ‘ne it ea 
range is 12 to 18 kmec with minimum | el 
small-signal gain of 30 db. Small-signal 


gain variation over band, less than 8 db. 7 h e n y 0 u 


Metal-ceramic construction throughout. 


Microwave Electronics Corp., 4061 ei 

Transport St., Palo Alto, Calif. es are up_a tree 
because of a 

OILTIGHT 


Circle 548 on Inquiry Card e 
PUSHBUTTON ENCLOSURES . 
Enclosures for protection against oil, ‘ 
dirt or weather accommodate all makes ass 
of standard oiltight pushbutton pilot 0 LF 


lights and switches. Construction fea- Get in touch with 
tures include neoprene cover gasket, 
welded seams, hook-on hinges and 


captive cover screws. Available in slim, 
standard, pendent and extra deep with 
one to 25 stations, enclosures are con- 


structed from 14-gage steel. Meets JIC, 

NEMA and UL standards. McKinstry 

Metal Works, Inc., 285 McKinstry wf FT Tt Sj lif 1 bl id 

Ave., Chicopee, Mass. t 8 implity your relay problems. . . avol 
Circle 549 on Inquiry Card costly delays... put your relay requirements 

MINIATURE “C” BAND ee in the hands of trained, competent 

OSCILLATOR sai 


sa oe omad ee ee Ne basic designs are available at Comar which 


weighs 4% oz. Frequency ranges to can be modified to give you any desired 
6000 mc in 50-mc steps by means of | 


vernier control. Temp stability is +10 | ee combination of coils, switch arrangements, 


engineers at Comar. A variety of standard 


contact materials, insulation and 
mounting. This can save you time and 
money. Whatever your requirements may 
be, Comar can provide you with relays 
custom-matched to your product. Send 
mTERLOCK details and get our recommendations 


quickly ... without obligation. Write today. 
ke per deg C. Plate voltage, 200 volts | 


nominal ; filament, 6.3 volts. Pre-set HERMETIC SEALING 
tuning unit may be applied as local 
oscillator, CW signal source and driver 
for crystal harmonic generators. John 
Gombos Co., Inc., Webro Rd., Clifton, 
N, J. 
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MODULAR CABINET RACKS 3349 ADDISON ST., CHICAGO 18, ILLINOIS 


Equipment racks provide accommoda- 
tions for such accessories as front ex- 


RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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We talk a synchronous: 


motor language | 


at Bristol Motors! 


And that means your language. 
Whatever your needs—we can 
answer them quickly, economically, 
perfectly—with dependable | 
synchronous timing motors from | 
our standard lines—or 
with motors built to your exact | 
specifications. Speed ranges | 
from 1800 rpm to 1 rp month. | 
Shaft length, voltage variations, | 
shift and brake action and | 
other special features can be | 
engineered to your requirements. | 
Ask for the Bristol Motors | 
Representative in your area— | 
write for new Catalog 160. | 


BRISTOL@ MOTORS 


Division of Vocaline 

Company of America, Inc. | 

210 Coulter Street, 

Old Saybrook, Conn. 
Dept. ET-2 
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tension tables, sloping panel cabinets 
and sliding shelves and drawers. 
Welded frame of 7/64-in. thick steel 
at top and bottom enables racks to 
hold heavy loads and withstand severe 
usage. Par-Metal Products Corp., 32-62 
49th St., Long Island City 3, N.Y. 
Circle 551 on Inquiry Card 


CHASSIS LATCH 


Designed specifically for small 514 in. 
chassis drawer, this latch is a small 
version of standard size known as 
Gripwell. Double safety latch provides 
positive latch action, positive locking 
action, 6.5:1 mechanical advantage 


for positive injection and rejection of 
drawer, and allows for ¥% in. of travel 
or take-up. Size, 4.7 in. overall; ex- 
tends 1.4 in. from face of drawer. 
Installation requires only two drilled 
or punched holes. Hartwell Corp., 
9035 Venice Blvd., Los Angeles 34. 
Circle 552 on Inquiry Card 


HANDLE FOR 
ELECTRONIC EQUIPMENT 


T-handle provides pushbutton control 
and positive latching for electronic 
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416-PAGE 


nr, 
i Fie CATALOG #21 


Lists over 15,000 
PRECISION 


INSTRUMENT PARTS 
and 


ASSOCIATED COMPONENTS > Send for 


4 your FREE 
Available From STOCK! f. J copy today. 


fo j 
GEARS + SHAFTS + COLLARS 4% a 


# 
CLUTCHES * BEARINGS <@ j 


SPEED REDUCERS A NE w—- 


DIFFERENTIALS 
and all other , From PIC. eae 


precision 


parts oe / PRECISION 


A : '  &Spiroid 
i gears 
Ask for new Catalog #22. 


DESIGN CORP. 


Subsidiary of BENRUS WATCH COMPANY, Inc. 


481 ATLANTIC AVE. EAST ROCKAWAY. 1.1. N.Y 
Circle 221 on Inquiry Card 


FOR EVERY 


EVERY ASSEMBLY LINE OPERATI 


GRIPMASTER ALL-METAL TYPE 
Slight pressure permanently positions 
this one-piece type. The strain relief *~ 
forms a smooth metal band which is - 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 


Clicks on in seconds, locks securely in = 
position. The Clickon forms an immovable “~. 
ring with uniform pressure around the 
cable circumference. 


GRIPMASTER INSULATED TY?E 
Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in a vise-like grip. 


ELECTRICAL PORCELAIN | | g, § 
Built to your Drawings and 7 ] | 
Specifications ¢ Send us your inquiries | & BG “ 


AKRON PORCELAIN CO. 


2725 CORY AVE., AKRON 14, OHIO 
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ACTUATES ANOTHER PRECISION PRODUCT... 


‘ 
\ 


COMBINATION 
STARTING RELAY 
AND OVERLOAD 
PROTECTOR 


( 


zn of 
IN(t 
Ni \ 


| 


i 


A PRODUCT OF 
RANCO INCORPORATED 
COLUMBUS 1, OHIO 


Flexibility of design in this fine Ranco product — Ranco Type H60 
combination motor starting relay and overload protector — pro- 
duces three results of utmost importance to refrigerator manu- 
facturers: 

1. Provides better motor protection. 

2. Allows increased compressor capacity. 

3. Assures dependable starting. 


The Ranco H60 plugs directly onto the three terminal pin cluster 
of hermetic refrigerator compressors. It can be provided with a 
variety of terminals and covers for both screw type and quick 
connect line terminals. A horsepower range from 1/3 HP, 115 
Volts to 1/12 HP, 230 Volts is possible. 


The overload protector here is of the “Inherent” type and decides 
how much load the motor should accept (cool motor, high current; 
warm motor, low current). The “deciding” in the Ranco Combina- 
tion Starting Relay and Overload Protector is done by dependable 
Chace Thermostatic Bimetal. 


The flexibility of design and wide horsepower range of this 
Ranco product are provided through the use of several bimetal 
shapes and more than two dozen different types and thicknesses of 
Chace Thermostatic Bimetal. Ranco uses one word to describe 
Chace Thermostatic Bimetal: ‘‘dependable.”’ This has been Chace’s 
specialty for more than a third of a century . . . dependable, 
precision thermostatic bimetal. Hundreds of manufacturers depend 
on Chace Thermostatic Bimetal . . . they know their good names 
are safe on the outside with Chace Thermostatic Bimetal on the 
inside of their products. 


SEND NOW FOR OUR NEW “INFORMATION BOOKLET!” It contains 
many well illustrated pages of valuable design data and examples 
of successful applications of bimetal. More than 40 types of Chace 
Thermostatic Bimetal are available in coils, strips and completely 
fabricated elements of your design. 


W. M. CHACE CO. 
Thermostalic Bimetal 


1608 BEARD AVE., DETROIT 9, MICH. 


- 
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drawers, instrument panels, cabinets 
and doors. Made of cast aluminum, 
the 34 x 3144 x 1% in. deep handle 
comes with mounting hardware. Avail- 
able with or without pushbutton panel 
lock and/or knob and plunger for tilt 
control. Standard finish, satin alumi- 
num. Satin black anodized finish avail- 
able. Chassis-Trak, Inc., 525 S. Web- 
ster Ave., Indianapolis, Ind: 

Circle 553 on Inquiry Card 


SLIDING-DRAWER 
ELECTRICAL ENCLOSURES 


Sliding-tilting drawer enclosure per- 
mits instrumentation in each drawer 
to be repaired or replaced with standby 


unit. Other cabinets and consoles in- 
corporate machined panels, dust-sealed 
and pressurized features, roll-type or 
swinging doors and additional refine- 
ments. All units available in steel, 
aluminum, stainless and other com- 
mercial metals. Formweld Products 
Co., 1530 Coit Ave., E. Cleveland 12, 
Ohio. 

Circle 554 on Inquiry Card 


ADJUSTABLE 
CONTAINER LATCH 


The 51L latch has an adjustable draw- 
hook which stows flat within handle 
when latch is fully open. Range of 
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INSULATION TESTING 


Engineering * Production * Maintenance 


\ Materials 
\— Components 
\— Equipment 


High Voltage Breakdown 

HYPOT Test Sets with outputs from 5 kv to 

150 kv and up. Test wire, cables, transform / 

ers, motors and components to ASTM and Mobile HYPOT for test- 
Federal specifications. Write for manual, ing heavy duty electrical 
Insulation Resistance a se 
VIBROTEST Megohmmeters have direct read- * 

ing ranges to FIVE MILLION Megohms. Self- 

contained electronic power supply eliminates 

cranking and leveling. Write for manual. 


Insulation Materials Tester 

Interchangeable test fixtures for tape, plastic 

sheet, film, tubing, porcelain, cloth and var- 

nishes. Models provide 35 kv and up for test. Model 4501 HYPOT Mate- 

Insulating Oils Tester ee 

Dielectric strength testing of insulating liquids Oe a 

to ASTM specifications. Rapid, simplified : 

operation. Automatic rate of rise control om. 

optional 7 : 

Arc Resistance Tester | = . 

Tests ability of insulating materials to resist | . 4 
arcing in accord with ASTM and Federal Model 4505 HYPOT Oil Just One S veeze with IDEAL S$ 
specifications. Complete with electrode assem- Tester provides 0-35 kv | 


bly and specimen holder. at 2 kva. 


) a New “Custom Stripmaster”’ 
02:2” | Removes Teflon’ and Other 


3794 W. Belmont Avenue ¢ Chicago 18, Illinois 


Cee 25 on Inga er 'Hard-to-Strip Insulations 


A NEW SERIES OF | To help prevent wire nicking and 


insulation damage, these new IDEAL 


KNOBS for TODAY’S | “Custom Stripmasters”’ are precision 
INSTRUMENTS drilled on watchmaker’s equipment. 


With Ideal’s new Custom Stripmasters, a light 
squeeze on the handles strips any wire completely 
clean and bare up to a full % inch. 
ian To help prevent nicking and scraping of wires, the 
Custom Stripmaster’s matched sets of blades are 
precision drilled on watchmaker’s equipment to the 


Especially designed to 1930 exact wire sizes. Counterbored blades ride on cut 


fill the multiple requirements insulation to prevent scratching of stripped wire. 
on modern instrumentation. Jaws grip wire firmly to prevent insulation damage. 
This new series (4 basic sizes 3 models available. Wire sizes from No. 10 to 30. 
plus a dual control) is shown im bis * Reg. Trademark of DUPONT 
in actual size. Write for 


FREE, complete catalog e ® 
illustrating stand- 1920 custom esr omncad Tone 
ard plastic parts ‘ | Patented, No. 2,523,936 


available without 

tooling costs. 1913 Lie ‘a 
Samples on 5 fen oe PDEAL INDUSTRIES, Inc. 
request. fi | 


1108% Park Avenue, Sycamore, Illinois 


al iy R na D iy | as one aes Please send catalog information on IDEAL’s New 
4 “Custom Stripmaster.” 


Meee meme 
CPA RU) cl » Seseeser 
TL ees . Adésece- 
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adjustment, made by rotating hook 
section, is 0.30 in. in vernier incre- 
ments of approximately 0.020 in. per 


cps. Response time is 500 millisec; 
contacts rated 2 amp, 115 volts a-c with 
min expected life of 100,000 cycles of 


operation. P. R. Mallory & Co., Inc., 
Indianapolis 6, Ind. 
Circle 556 on Inquiry Card 


INFORMATION 
DISPLAY ROLLER 


Stainless steel “Neg’ator” scrolls dis- 
play scale readings, position indication 


turn. Unit has no gears, cams or 
protruding wings. Provision readily 
made for security wiring. Camlock 
Fastener Corp., 53 Spring Valley Rd., 
Paramus, N.J. 

Circle 555 on Inquiry Card 


RESONANT-REED RELAY 


Self-holding relay is for use in both 
wired and wireless remote-control sys- 
tems. Self-holding feature eliminates 
intermittent contact; is unaffected by 
acoustic and mechanical vibration. 
Equipped with four reeds responsive 
to frequencies of 75, 95, 115 and 135 


or instructions. Scrolls are durable and 
temperature resistant, are self-recoiling 
and kept taut by their own spring 
tension. Application: built-in, visual 
display devices. Hunter Spring Co., 
A Div. of American Machine and 
Metals, Inc., 1 Spring Ave., Lansdale, 
Pa. 

Circle 557 on Inquiry Card 


ENCLOSED A-C RELAY 


Bantam Type 83 sensitive relay with 
balanced armature may be mounted in 





ILO VAaatevetle)(emeeVeleib bestia 
overload protection regardless 
of HEAT or COLD! 


AMBIENT 
COMPENSATED 
OVERLOAD RELAYS 


with Balancing Bi-Metal” 
exclusive with 


ARROW-HART 


any position. Relay is current-operated 
and functions as single-pole, NO mo- 
tor-starting relay for heavy-duty single- 
phase capacitor motors used in ap- 
pliances. Start winding contacts rated 
to 25 amp. Type 84 voltage-operated 
SP relay is available normally open, 
normally closed or DT for pilot or 
power duty applications. Coil ratings to 
230 volts a-c. Contact ratings to 4% hp, 
to 16 amp resistive. Approximate size, 
1%x1144x1% in. RBM Controls Div., 
Essex Wire Corp., Logansport, Ind. 
Circle 558 on Inquiry Card 


MOTOR STARTER AND 
CONTRACTOR 


Type CY Size 00 starters and contac- 
tors are designed for non-reversing, 
full- voltage lage starting of 1/6- to 2-hp of 1/6- to 2-hp 


For All Arrow-Hart 


“RA” Magnetic Starters 





squirrel-cage motors. Unit usable on 
single- or three-phase motors operating 
on 110 to 600 volts, 25 to 60 cps. 
Starters equipped with melting-alloy 
thermal-overload relays. Available as 
open-type or NEMA Type 1, general- 
purpose enclosures in three forms: 
Form MA with separate pushbotton 
operation; MB with automatic selec- 
tor switch; and MC with “start-stop” 
pushbotton. Clark Controller Co., 1146 
E. 152 St., Cleveland 10. 

Circle 559 on Inquiry Card 


INSULATION TUBING 


Acrylic resin-coated glass-fiber sleev- 
ings, BH Acryl-A (Grade B-A-1) and 


patability with wire enamels and var- 
nishes. Flex-resistant without loss of 
rated dielectric values. Coatings will 
not hydrolize, soften or flow when ex- 
posed to +232 C for 15 min. Bentley- 
Harris Manufacturing Co., Consho- 
hocken, Pa. 

Circle 560 on Inquiry Card 


LATCHING RELAY 


Series FL relay for printed-circuit 
mounting has a height of 0.485 in. max, 
occupies mounting area of 1.100 x 0.925 
in. DPDT bifurcated, gold-flashed con- 


YH 


a“ 
LOO MAK. 


— SUS WAX. 


tacts are rated 3 amp at 30 volts d-c 
or 2 amp at 115 volts, 60 cps resistive. 
Units withstand 100-g shock, 400-g 
linear acceleration; vibration of 30 g 
from 55 to 2500 cps. Meets applicable 
sections of MIL-R-25018 and MIL-R- 
5757C. Potter & Brumfield, Princeton, 
Ind. 


TEN-TURN COUNTING DIAL 


One-hundred-graduation rotating dial 
is connected directly to potentiometer 
by means of a mounting screw. Ten- 
turn indicator shows only one numeral 


which appears and is held in place 
until next full rotation of dial. Dial is 
11%¢ in. diam in satin finish with black 
numbers. Serrated knob is black-plas- 
tic. Continuous operation in either 
direction and positive locking device. 
S. A. Esquith Co., 427 W. Chevy Chase, 
Glendale 4, Calif. 

Circle 562 on Inquiry Card 


MAGNETIC-REED 
CONTACT SET 
GA-53738 L1 contact set is a miniature 


dry-reed switch composed of two over- 
lapping magnetic reeds sealed in a 


%-in. long glass envelope. Average 


BH Acryl-C (Grade B-C-1) offer com- Circle 561 on Inquiry Card 


operate equally well with either quick-trip or reg- 
ular types. The switching mechanism itself em- 
ploys the same positive snap-action featured in all 
A-H Overload Relays. Calibrating screw permits 
precise adjustment at the factory and needs no 
further adjustment. Available in ratings from 25 
to 300 amperes, continuous current, these new 
Ambient Compensated Relays can be supplied 
with all sizes of Arrow-Hart ‘‘RA’”’ Magnetic 
Starters . . . or as individual units for use as sepa- 
rately mounted relays. 


FOR COMPLETE INFORMATION AND 
ENGINEERING DATA .. . write now to The 
Arrow-Hart & Hegeman Electric Company, Dept. 
ET, 103 Hawthorn St., Hartford 6, Conn. 


arrow@) HART 


LualeG since 1890 


Motor Controls * Wiring Devices « Appliance Switches * Enclosed Switches 


Here for the first time is a compact, dependable 
overload relay that compensates for both heat and 
cold. As shown here, the balancing or compensat- 
ing bi-metal and the working bi-metal are identi- 
cal in size and construction and are joined by a 
coupling bar. As the ambient temperature rises 
above or falls below 72°F, the balancing bi-metal 
operates through the coupling bar to maintain the 
same tripping time over a temperature range from 
—20°F to +165°F. Compensating action is fully 
automatic. Relays use standard A-H Heaters and 


FEBRUARY 1961 Circle 228 on Inquiry Card 215 





. 
SG 


Thermal Fatigue and G-E 
6-to-70 Ampere Rectifiers 


We've been advertising for some time 
now that G-E rectifier joints offer you 
freedom from thermal fatigue because 
only hard solder is used on the internal 
joints. Well, Bill Gutzwiller has an appli- 
cation note that covers the whole thermal 
fatigue story in detail, and gives you a 
better idea of why the use of hard solder 
is so important to you. For instance, he 
points out that thermal fatigue is a prob- 
lem that is not limited to odd-ball appli- 
cations. Junction temperature variations 
(or excursions) can occur any time the 
load changes. It takes time, of course, but 
repeated temperature cycling is sure to 
kill off soft solder joints. But G-E hard 
solder silicon rectifier cells are still going 
strong at 70,000 cycles ... without a single 
tailure due to thermal resistance 
deterioration. 

Here’s another interesting point Bill 
makes: just two 100°C thermal excursions 
from ambient to rated load each hour 
would ruin the best soft solder rectifier 
tested in less than six months. The worst 
one wouldn’t last a week. 

If you’d like a copy of Bill’s applica- 
tion note, drop us a line and ask for 
“Thermal Fatigue and the G.E. 1N2154 
Medium Current Silicon Rectifier.” Write 
to Section 20B1. 


The tremendous reception given 
Thyrector diodes in informal presen- 
tations recently has caused quite a 
stir. The Thyrector diode is by tar 
the least expensive and most effec- 
tive device today for protecting sili- 
con rectifiers and silicon controlled 
rectifiers from high transient voltages. 


The SCR as an Inexpensive 
General Purpose Power 
Control 


390Q, ¥, Watt Cc 0.1 MFD 
100K, Lineor Pot SCR G.£. C11B 
CR, thru CRe—G.E. 1N1695 
CRs 1N1527, 20 Volts 
‘Wa 1 Wott Break- 
G E ONN671A Down Diode 


G-E Voc-u-Sel selenium bridge rectifier regula- 
tor 6RSX762 combination is available to replace CR: 
through CR« and CRs. It sells for approximately $4.00. 
The circuit shown is a full wave phase 
controlled rectifier. The unit is not only 
a fine lamp dimmer, but it demonstrates 
the versatility afforded by General 
Electric SCRs. For example, it can be 
used as a general purpose control simply 
by substituting other types of loads for 
the lamp. 


SRS C3 
component news 


10 wath 


For a versatile general purpose DC sup- 
ply the dimmer can feed into a suitable 
rectifier stack or filter, if needed for an 
adjustable DC supply. adresTable 


DC ovtp-? 


Se 

OR—the dimmer can supply variable pri- 
mary voltage to a buck-or-boost trans- 
former used for partial adjustment of line 
voltages for much greater loads than 150 
watts. If only a maximum of 10 volts ad- 
justment is needed, a suitable step down 
transformer can be added up to 1500 


watts. bleeder resusTor 


switch 


ur Vor; 10 vee 
Prans Former 
we tae 
vests ov? 


One Thyrector diode can often save 
you 10, 20, or even 40 times its cost. 
And used in combination with 
General Electric transient PRV recti- 
fier ratings you have virtually abso- 
lute protection. 


G.E. Rectifier 


Characteristics and 
Selection Charts 
Now Available 


...and they’re yours for the asking. You 
use the characteristics chart to determine 
the parameters you need for your applica- 
tion, then go to the selection chart and 
pick out the right rectifier. From these 
two charts you can design any basic recti- 
fier circuit ...in seconds you pick out the 
optimum rectifier for your requirements. 
Write to Section 20B1. 


Want to know more about the 
Thyrector diode? Call your General 
Electric Semiconductor District Sales 
Manager. He has the whole story. 


Rectifier Components Department, 
Auburn, New York 


GENERAL 
ELECTRIC 
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contact set closes at 34 amp-turns and 
releases at 18 amp-turns. Initial contact 
resistance, 0.2 ohm max at 0.1 amp in 
1.5-volt circuit; resistance load rating, 
0.125 amp max in 28-volt circuit; life 
expectancy, 3 million operations to 1 
per cent failure point at maximum load; 
overall length, 1.53 in. max; diameter, 
0.16 in. Defense Activities Div., West- 
ern Electric Co., Inc., 195 Broadway, 
New York 7. 

Circle 563 on Inquiry Card 


TIME-DELAY RELAY 


Solid-state timing units, for 18-32 volt 
d-c operation, provide time delay in 
pull-in or drop-out, in total span from 
0.01 sec to 10 hr. Large selection of 
adjustable timing ranges available. 
Printed-circuit panels potted and her- 


metically sealed. Available in —55 to 
+70 C or +125 C ambient. Protected 
against polarity reversals. Output: 
solid-state (up to 5 amp) or relay 
devices (up to 10 amp). Agastat Tim- 
ing Instruments, Elastic Stop Nut 
Corp., Elizabeth, N. J. 

Circle 564 on Inquiry Card 


TURNS-COUNTING DIAL 


Model 30 counter, 1 1%¢-in. diam by 
1 in. deep, is designed for 14-in. shaft 
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different 
motorized 
speed reducers 


available from stock 


Yes! 956 different combinations of Perfection Motorized 
Worm Gear Speed Reducers are available for immediate 
delivery, from stock. Ratios range from 5 to 1 to 60 to 1, 

apa iia fncen5s ELE. to 5 H.P. 


our new 
No. M-140. 
Licensed under Pat. 2,868,031 


AMERICAN STOCK GEAR DIVISION 


PERFECTION GEAR COMPANY HARVEY, ILLINOIS 
Circle 230 on Inquiry Card 
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for AC and DC 


A Large Variety of Models and 
Ranges Available 


Accuracy 1% for DC and 1.5% 
for AC 


BRIDGES & 
RYE TH 
PETS 


Pontavi Wheatstone Bridge 
Pontavi Kelvin Bridge 
Inkavi Capacitance Bridge 
Inkavi |nductance Bridge 


Isolavi Insulation Testers 


Write to us for literature on 
High Accuracy Standard Meter 


a 
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NEW Series FB enclosed 
Helical gear motor. High 
performance - low noise. 
Available with brake or 
clutch. 


every Gay................. 
Brevel meets 
unusual 


eeeeeeeeeseeeeeeeeeeseeeeeeeeeeeeeeee 
See SSS SS SSSHHSHHHSHHTHEHT HEHEHE HEHEHE HM EEE EEE EEE EEE EM 


specifications 
for small motor 


applications 


Your new appliances get into 
production — and to market — 
faster, at lower cost when 
BREVEL supplies your mo- 
tors. Chances are we have a 
suitable design! 


Series S 
Open Spur 
Gear Motors 


You can rely on BREVEL’s 
experienced specialization to 


| design, engineer, and volume- 
| produce precision motors that 
| give consistently superior serv- 


ice at low cost. 

" Series W 
Open Worm 
Gear Motor 


Shaded pole 
motor — use 
alone or as 
backbone for 
geared motor. 


EVEL 


Our representatives cover ev- 
ery part of North America 
from local offices. Write, wire, 
phone now . and find out. 


| ae En CORP. 


manufacturers of small motors for the appliance industry 
627 West 26th Street, New York 1 @ WAtkins 4-4737 


CHICAGO: Jerry Golten Co. © 2750 W. North Ave. © EVerglade 4-5959 

LOS ANGELES: Electric Motor Engineering, Inc. * 8255 Beverly Blvd. © OLive a 
TORONTO: Brevel Products, Ltd. © 45 Crockford Bivd. © Scarborough, Ont. ¢ PLymouth 7-5140 
MEXICO CITY: Arturo A. Aguilar ¢iNdependencia 59-202 © Mexico 1, D. F. 
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FURNAS 


NEW SIZES 2 and 2% 
FURNAS MAGNETIC STARTERS 


Take advantage of the new design of Furnas Size 2 and Exclusive 
Size 21/, Starters. Rated through 30 hp, 440 volts, the Size 21/, fills 
many applications normally requiring a much larger Size 3 Starter. 
Available for two, three or four pole applications, these units fea- 
ture low wattage magnet, dual voltage encapsulated coils, silver- 
cadmium oxide contacts, and identical mounting area for both sizes. 
All components are front removable. You get better performance 
and longer life, plus unmatched economy. 


a 


Write today for Bulletin 14-B2— 1024 McKee St., Batavia, Illinois 


FURNAS 


ELECTRIC COMPANY 


BATAVIA - ILLINOIS 


SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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mounting. Shaft position is indicated 
in Yoo-turn increments. Bevelled win- 
dow allows reading at extreme angles. 
Brake mechanism allows dial to be 
set and locked. Spectro] Electronics 
Corp., 1704 S. Del Mar Ave., San 
Gabriel, Calif. 

Circle 565 on Inquiry Card 


BLIND RIVET 


“Squeez Riveting” makes it possible 
to rivet thin materials tightly from one 
side of work with only hand pressure. 


Rivet is offered in two diameters: 
and %6 in. Grooved pin drives rivet 
which expands to force sheets together. 
Equal pressure exerted against work 
side and blind side of material pre- 
vents deformation. Southco Div., South 
Chester Corp., 200 Industrial Highway, 
Lester, Pa. 

Circle 566 on Inquiry Card 


NYLON MACHINE- 
SCREW NUT 


No. 101 nylon hex machine-screw nut 
is available in sizes 2-56, 4-40, 6-32, 
10-32, 10-24, 14-20 and 14-28. Nut is 


double chamfered and double counter- 
sunk for automatic feeding. Nylogrip 
Products, 570 Pleasant St., Watertown 
72, Mass. 

Circle 567 on Inquiry Card 


DATA SWITCH 


Compact high-capacity switch for 
multi-contact temporary or permanent 
switching has 40 single-pole switches 
which can be manually positioned to 
select 1 of 56 contacts on printed-cir- 
cuit boards. Unit extends 6 in. behind 
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ceramics unlimited! 


@ Here’s welcome news for electrical porcelain 
buyers! Whether your electrical porcelain needs are 
large or small, our unlimited capacity permits us to fit 
any order into our production schedule on short 
notice. This adds up to fast deliveries, when you want 
them. What’s more, you save the added expense of 
carrying large inventories. Like to know more about 
our unlimited capacity? Write today. We'll be 

happy to work with you. 
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OLDING DOUBLE CUPPED WASHER LUGS— 


With or Without 
Insulation Grip— 
Small or Large 
Screw Hole. For 
Standard, Extra 
Flexible Strand- 
ingand Solid Wire 


Write for Bulletin S-DF == FAA Tat ane 


ema USMS aam@e el Ue mT 
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Interested in Computers 
for Machine Tools? 


@ Coming up in the March issue there’s an 
article in the ELECTRO-TECHNOLOGY sponsored 
“Forum” series you'll not want to miss. It re- 
ports a panel discussion by a group of control 
system engineers and computing machine ex- 
perts dealing specifically with the application 
of computers to machine tools. Another “must 
read” feature in the issue will be the sixth 
installment in the semi-conductor electronics 
series, this final chapter to deal with non-linear 
and switching operation. 


FEBRUARY 1961 


SWIUGHES 


for all commercial, industrial, 
and military applications. 


Subminiature switches: 
commercial, high- 
temperature, 
MIL-types. 


Low-cost switches: 
double-pole double-throw, 
snap action, 

sealed, 


Metal-cased switches: 
limit, safety, 


immersion- 
- & proof. 


UNIMAX makes many more styles of snap- 
acting precision switches including special 
designs to suit your circuit and installation 
requirements. 


FREE CATALOGS 
Heavy-duty and general purpose — No. 10 
Subminiature Switches — No. 20 
Metal-cased and Limit — No. 30 


OT TO ae a wee 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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Where dependability is a must, nothing takes the 
of on-the-job testing under the most severe condi 


All Borthig insulating varnishes have met the y 
requirements of both laboratory and field t 


BORTHIG K- 3833, One varnish suitable for Class A, 


B and F applications. A new polyester modified 

insulating varnish. Motorette test shows more than 
30,000-hour life expectancy for Class F temperature operation. 
Approved for type M, grade CB, MIL-V-1137A. 


BORTHIG K-252, years of field experience have established 
the reliability of this Class B modern type, heat-reactive baking 
varnish. Motorette test shows 30,000-hour life expectancy. 
Approved for type M, grade CB, MIL-V-1137A. 


; BORTHIG K-3829 EPOXY BAKING VARNISH 
is a thermo-setting varnish which requires no activator and cures 
entirely by heat induced polymerization. Laboratory tests 

and field experiences show K-3829 to have higher values for wet 
and dry dielectric plus excellent bonding strength 

and corrosion resistance at higher temperatures (up to 165° C). 
It is recommended to meet the toughest conditions 

of operations. Motorette testing shows 30,000 hour-life 

at Class F temperatures (155° C). 


Also look to Borthig for the latest in EPOXY RESIN 
COMPOUNDS for the incapsulation of 


electric motors, transformers and electronic units. ASSOCIATE 
MEMBER 
Our laboratory will be pleased to cooperate yeyger 


in any of your insulating problems. N.E.M.A. 


GEORGE C. BORTHIG CO., INC. 
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Circle 237 on Inquiry Card 


mounting panel and allows stacking 
12 switches in less than 5 in. Instru- 
ment Systems Corp., College Point 56, 
Loko. 2. 

Circle 568 on Inquiry Card 


CAM LIMIT SWITCH 


Plug-in rotating switch is used in 
mechanisms where motion is expressed 
in shaft rotation. Switch allows circuits 
to be disconnected or removed to faci- 
litate maintenance. SPDT switch con- 


we 


tacts have 15-amp rating at 115 volts 
a-c, 10 amp at 220 volts a-c. Switches 
also rated at 0.5 amp, 110 volts d-c 
and at 0.25 amp, 220 volts d-c. Reset 
mechanism for one-revolution clutch 
operation and gear reducer with ratios 
ranging from 2:1] through 400:1 are 
featured. Gemco Electric Co., 25685 


W. Eight Mile Rd., Detroit 40, Mich. 
Circle 569 on Inquiry Card 


TELEMETRY SWITCH 


Solid-state switch suitable for use with 
crystal vibration transducers in high- 
impedence telemetry circuits is avail- 
able in 5PST to 6PST, also double- 
throw. Switching time, less than 20 
psec. Size, about 0.7 cu in. per pole in 
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ST switches and 1.0 cu in. in DT 
switches. Amelco, Inc., Sales Dept., 
12964 Panama St., Los Angeles 66. 


Circle 570 on Inquiry Card 
TELEMETERING SWITCH 


Miniature switch provides up to 450 
channels. Weight, 8 oz. Dimensions, 13 
in. x 134 in. x 214 in. Operating life 


expectancy, over 1000 hr. Unit enables 
combinations of circuitry up to maxi- 
mum of 5 poles with 90 channels per 
pole. Motor-driven device, with motor 
drawing 60 ma at 28 volts d-c, operates 
at speeds from 1-20 rps. Electro-Tec 
Corp., 10 Romanelli Ave., South Hack- 
ensack, N. J. 

Circle 571 on Inquiry Card 


SNAP-ACTION SWITCH 


Snap-action switch B-PB3-2, providing 
a positive feel of switch operation with 
almost simultaneous switching action, 
conforms to MJL-S-6743, Military Part 
25085-1. The 6-0z switch requires 21- 


oz operating force. Electrical rating: 
5.0 amp at 120/240 volts a-c; 3 amp 
at 30 volts d-c inductive; 4 amp at 30 
volts d-c resistive. Also available with 
rating of 5 amp at 240 volts a-c; 10 
amp at 125 volts a-c; 8 amp at 30 volts 
d-c inductive; 10 amp at 30 volts d-c 
resistive. Milli-Switch Div., P. R. Mal- 
lory & Co., Inc., Indianapolis 6, Ind. 
Circle 572 on Inquiry Card 


DRIVEN ROTARY 
SELECTOR SWITCH 


Compact switch has 154-in. long drive 
package. Wafer switch stacked on out- 
put shaft adds only 11/64 in. to length. 
Solenoid driver operates up to 10 
wafers at 60-watt input. Entire pack- 
age fits into 114 in. diam tube. Steps 
360 deg in 30-deg increments and is 
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PALNUT’ LOCK NUTS 


and FASTENERS 
Cost Little--Assemble Fast--Hold Tight! 


PALNUT J}PUSHNUT| PALNUT 
LOCK NUTS FASTENERS Self-Threading Nuts 


ig ils ELA 
threaded members TGGe tlt AL TT aS their own threads 


Many types and sizes to slash fastening costs 
on sheet:metal assemblies--mechanical and electrical 
equipment--components--parts--ornaments, etc. 


SEND FOR CATALOGS AND BULLETINS 
showing all types of PALNUT Lock 
Nuts and Fasteners, plus typical 
applications and full specifications. 
Describe your application for recom- 
mendation and free samples. Or 
have a PALNUT fastening engineer 


THE PALNUT COMPANY 


DIVISION OF UNITED-CARR FASTENER CORPORATION 
66 Glen Road, Mountainside, N. J. 
Canada: P. L. Robertson Mfg. Co., Lid., Milton, Ont. 


LOCK NUTS and FASTENERS 


Circle 238 on Inquiry Card 





THESE ARE SPRAGUE’S TWO OUTSTANDING 


HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 


CERAMIC SINGLE-SILICONE CERAMIC SINGLE-TEFLON 


CERAMIC MEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


SPRAGUE ELECTRIC COMPANY 


807 MARSHALL STREET, NORTH ADAMS, MASS. 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* * * * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SS 


THE MARK OF RELIABILITY 


Circle 239 on Inquiry Card 


single-pulse operated. Licon Div., Illi- 
nois Tool Works, 6606 W. Dakin St., 
Chicago 34. 

Circle 573 on Inquiry Card 


R-F SWITCHES 


Type 254-T DPDT unit has coin-silver 
internal shorting strap. Constructed 
with TFE-fluorocarbon body, size 2 x 
5 x 1% in. Carrying capacity is rated 


in excess of 1000 watts. Contacts are 
solid silver. Low shunt capacitance 
and low series inductance enable short 
pulse switching with high attenuation. 
Kay Electric Co., Maple Ave., Pine 
Brook, N. J. 

Circle 574 on Inquiry Card 


REDUCED-DIMENSION 
MOTORS 


Series LO-I radial air gap motors have 
ratings from 1% to 25 hp in speeds from 
900 to 3600 rpm in three frame sizes. 


Four flange diameters are available in 
1, 1% and 2 hp ratings, including a 
13 in. diam flange for 1 to 10 hp units. 
Cast-iron housing. Fairbanks, Morse & 
Co., Freeport, Ill. 

Circle 575 on Inquiry Card 


WAVEGUIDE-SHORTING 
SWITCHES 


Hand - operated plunger ON - OFF 
switches provide removable shorts in 
waveguides. Eight separate switches 
operate from 2600 to 40,000 mc. VSWR 

(Continued on Page 225) 
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Spurious R.F. Radiation 
and Troublesome | 


Feedback 


SMFO-1 


SMFO-2 


Allen-Bradley Low Pass Filters 
Prevent Undesired Radiation...100 Mcps to 8000 Mcps 


Where—at high frequencies—conventional feed-thru 
capacitors become useless—these Allen-Bradley low 
pass filters insure effective filtering of undesired fre- 


quencies. Their performance surpasses the theoretically 
ideal capacitor—the effective filtering actually increases 
with frequency over a wide band. And here’s another 
“plus” feature—there are none of the undesirable 
parallel resonances experienced with standard tubular 





These Miniature Low Pass High Frequency Filters* 









\) 
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capacitors. Thus, unusual attenuation—75 db and more 
is possible in the frequency range from 100 Mcps to 
8000 Meps. 

Although designed for low power applications, the 
Allen-Bradley low pass filters are available in ratings up 
to 2000 volts and with maximum d-c or low frequency 
a-c current ratings up to 20 amperes. These miniature 
filters provide single hole mounting—directly on metal 
shields. Also, they are usually interchangeable with 
conventional feed-thru capacitors, but provide far 
greater suppression of undesired radiation and feed- 
back. Send for Technical Bulletin 5410. 


Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. e In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 





ALLEN - BRADLE 


Quality 
Electronic 
Components 










Reliable 
Performance 


and 


Stable 
Settings 


UNDER EXTREME 
ENVIRONMENTAL 
CONDITIONS 


ALLEN-BRADLEY 


In critical applications, Allen-Bradley Type R adjustable 
fixed resistors are without equal. For example, in recent tests* 
Type R resistors successfully withstood acceleration, shock, 
and vibration five times better than the latest MIL Spec re- 
quirements. Such wide margin of safety is your assurance of 
complete reliability. Virtual indestructibility is obtained 
through an exclusive Allen-Bradley process in which the 
solid resistance elements and the insulating mounting are hot 
molded into one integral unit. The moving element is self- 
locking for absolutely stable settings. Also, the Type R con- 
trol allows ‘“‘stepless’’ adjustment of its resistance. 

The molded case of the Type R control is watertight and 
dust-tight. Rated 4 watt at 70°C, these Type R controls 
are available in values from 100 ohms to 2.5 megohms. 


*Test Report #71801, Sept. 1960, United States Testing Company. 


a. 


2p 
@ % NEW PANEL 
> MOUNTING 
permits front of 
eo panel adjustment 


NEW CUP GUARD 


permits adjustment 
after encapsulation 





QUALITY 
ELECTRONIC 
COMPONENTS 


Allen-Bradley Co. 222 W.Greenfield Ave., Milwaukee 4,Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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in open position, 1.02 max with inser- ae ran in a compact ‘‘packa e’’ — 
tion loss negligible; VSWR in closed r ® a a 8 

or short position, 125 min. Switches 

can be equipped for remote control. 


Waveline, Inc., Caldwell. N. J. \ 
Circle 576 on Inquiry Card in a minimum of space! 


teh = Satapecgie iager te mn 3 The DIALCO DATA MATRIX ® 
Type B motor has torque of 40 oz-in. p> ; Sinaia ing Service aids you 3 ways: 


at 2 rpm. Motor contains neither re- ‘ : 

volving windings nor sliding mechani- i il oS eatin dah idan ee 
dlnah wand + read-out Lamp Cartridges... ‘abricates pane! 

cal commutators. Power input is 80 mw 2 to order...(3} Assembles Lamp Holders en is 


at no load. Rotor is supported on Grade For computers, data processing equipment, etc. 
; ave Lamp Holders accommodate DIALCO’s 
; ita, \ toe: own Lamp Cartridges. Shown 42 size: 
ox : DaTa Matrix No. DM-7538-40 with 40 
Se -~= . A A Lamp Holders and Cartridges...Shown 


actual size: Incandescent Cartridge 

No. 39-6-1471 with short cylindrical 

lens; Neon Cartridge No. 38-1531 with 
long cylindrical lens. Many other features. 


Complete details in Brochure L-160B. 


Ms f P l 


OSC 


“The Eyes of xy Rie © 
Your Equipment’ 44 STEWART AVENUE, BROOKLYN 37, N.Y. + HYacinth 7-7600 


Circle 241 on Inquiry Card 


5 instrument ball bearings. Wound for 
input voltages of 3, 6, 12 and 24 volts 


d-c, meets MIL-E-5272-B or equivalent. 


Measures 2 19/64 x 2144 x 1 9/16 in.; 
weighs 3 oz. Brailsford & Co., Inc., 670 p R Oo J & C T 
Milton Rd., Rye, N. Y. 

Circle 577 on Inquiry Card 


A-C MOTORS ENGINEERS 


Series of 2-, 4- and 6-pole shaded pole 


and 6-pole split-capacitor motors are 
wound for 115, 208 or 230 volts a-c, Daystrom, Incorporated’s Weston Instruments Division, Poughkeepsie, 
50 or 60 cps. Smallest is 35-watt. 2- New York, is seeking to add two individuals at the Project Engineer 
has alaal ical rE pang level to its industrial line of NON-CONTACT GAUGES engineering 
pole shaded-pole motor rated at 3000 group. Project engineers are responsible for the design of gauging 
systems that are engineered to customer specifications. 


Interested individuals should have a B.S. E.E. with a minimum of three 
years industrial experience that would include electric control circuits, 
motor control circuits and some experience in tube and transistor circuit 
design. Experience with X-ray, optics and infra-red techniques is desirable 
but not necessary. U.S. citizenship is not required. 


Poughkeepsie, New York is a highly residential community located 75 
miles north of New York City. 


For consideration, write in full confidence to: 
Mr. William F. Donahue 


rpm and 1/150 hp at 115 volts, 60 cps. ‘ft 
Largest is 6-pole permanent-split mod- 

el rated at 4% hp and 1075 rpm. Units DAYSTROM »s INCORPORATED 
feature moisture-proof slot and cell in- aa WESTON INSTRUMENTS DIVISION 


sulation, centrifugally die-cast rotors. 
Leece-Neville Co., 989 Athens St., 229-A Manchester Road Poughkeepsie, N.Y. 


Gainesville, Ga. 
Circle 578 on Inquiry Card 
(Continued on page 226) 
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MOTOR DRIVE 


Type 1325-W “Roto Cone” drive pro- 
vides speed change ratio of up to 8 to 
1 with 25-hp, 1750-rpm drive with sin- 
gle belt. Speed change is made while 


aia 
age eT 


CLOCK 
PROGRAMMING 


HANSEN» * systems 


SYNCHRO 


using reset clock movements 
powered by Hansen SYNCHRON mofors 


MINNEAPOLIS-HONEYWELL REGULATOR 

COMPANY incorporates Hansen SYNCHRON 
Clock Movements in its Indicating Clocks and 
Master Control Systems — for installation in 
schools, public buildings, in industry, or wher- 
ever accurate time must be maintained. Single- 
dial Indicating Clocks are coordinated by 
Master Clock Programming, with automatic 
correction — to compensate for deviations 
caused by current fluctuations — available 
either on an hourly or 12-hour correction basis. 
Hourly correction resets the clock which may 
be from 55 seconds fast to 59 minutes slow 
depending on current fluctuations, at two min- 
utes before the hour. The 12-hour correction 
occurs between 5:00 and 5:30 o’clock, auto- 
matically resetting clocks up to 12 hours slow. 


machine is in operation. Drive has 13 
in. disk diam used with 234 in. top 
width belt. Gerbing Manufacturing 
Corp., Elgin, Il. 


Circle 579 on Inquiry Card 


SINGLE-END 
MAGNETIC CLUTCH 


Model T502 clutch has output torque 
of 40 oz-in., operates on 28 volts d-c. 
Max speed is 5000 rpm; breakaway 





HANSEN SYNCHRON CLOCK MOVEMENTS 
were chosen by Minneapolis-Honeywell because 
of satisfactory power and dependability expe- 
rienced by a previous supplier to the firm. 
Hansen SYNCHRON motors are connected to 
reset movements through a gear, clutch and 
cam arrangement. The clock systems operate 
with 60-cycle and 24-volt motors, on 115-volt 
current — generally most readily available on 
typical installations. 


HANSEN 


MANUFACTURING 


COMPANY, INC. 


PRINCETON 


INDIANA 


SEND TODAY for informative folder containing specifications 
and technical data on all Hansen SYNCHRON motors and 
clock movements. 


HANSEN REPRESENTATIVES: 

THE FROMM COMPANY 

5150 W. Madison, Chicago, Illinois 

H. C. JOHNSON AGENCIES, INC. 

Rochester, N. Y. — Buffalo, N. Y. — Syracuse, N. Y. 
Binghamton, N. Y. — Schenectady, N. Y. 
ELECTRIC MOTOR ENGINEERING, INC. 

Los Angeles, Calif. —- (Olive 1-3220) 

Oakland, California 

WINSLOW ELECTRIC CO. 

New York, N.Y. — Essex, Conn. (SOuth 7-8229) 
Philadelphia, Penn. Cleveland, Ohio 


Sweet's Product 
Design File 


Circle 243 on Inquiry Card 





torque is 0.4 oz-in. when energized. 
Max backlash is 5 min of arc. Units 
meet temperature, vibration and shock 
requirements of MIL-E-5272A. Sterling 
Precision Corp., 5 Sintsink Drive, Pt. 
Washington, N. Y. 


Circle 580 on Inquiry Card 


FAST-REVERSING 
TRANSMISSION 


Five-hp Electromission transmission 
provides reversing in 0.2 sec and is 
designed for high-speed positioning, 
reversing and sequencing for servo 
and automated card- or tape-controlled 
systems. Transient torque capability 
over 250 lb-in.; steady-state, 180 lb-in. 
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Dimensions, 101% in. high x 9% in. 
long (exclusive of shafts). Weight, 62 
lb with brake. Control power, about 
10 watts at 90 volts d-c. Airborne Ac- 
cessories Corp., Industrial Div., 1414 
Chestnut Ave., Hillside 5, N. J. 

Circle 581 on Inquiry Card 


DIFFERENTIAL 
CLUTCH-BRAKE 


Model 201-100-1 clutch operates on 24 
volts d-c, has response time of 15 milli- 
sec as brake, 10 millisec as clutch. 


No-load torques for input and output 
are 4 and 2 oz-in., respectively. Unit 
measures 3.90 x 1.17 x 1.41 in. Market- 
ing Computers, Inc., 50 St. Benedict, 
Florisant, Mo. 


Circle 582 on Inquiry Card | 


RACK-MOUNTED 

AIR CONDITIONER 
Unit designed 
on electronic racks provides automatic 
removal of condensate without drain 


line. All motors operate continuously 
to eliminate voltage fluctuations. Sup- 


ply air temperature controlled with | 
hot-gas bypass regulating valve. Ellis | 


and Watts Products, Inc., Rossmoyne, 
Ohio. 
Circle 583 on Inquiry Card 


COOLING FAN 


Model 8057AX48 turbo-slot vane-axial 


fan was originally designed for aircraft. 


Compact induction-type unit with 5.65- | 
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for integral mounting | 


MD simplicity means savings for you 


Here's a line of d-c power supplies you can literally mount in your relay rack and 
forget . . . the ultimate in simplicity and reliability. It’s Sorensen’s MD series 
featuring rugged magnetic regulation, heavy-duty silicon rectifiers, conserva- 
tive continuous-duty ratings for all components. Output voltage holds to +1% 
for input variations from 100 to 130 vac. 132 stock models from 3 to 1000 vde 
output, 50 to 3000 watts (see table for just a few typical ratings). Several units 
may be used with paralleled outputs for increased capacity up to 9000 watts. 
Current limiting characteristics particularly suit MD's for battery charging and 
filament powering . . . can’t be damaged by output shorts. 

Write for complete MD data... Or, better, send for the new Sorensen catalog, 
listing over 400 power equipment models, plus the name of your Sorensen 
representative. Sorensen & Company, Richards Ave., South Norwalk, Conn. 


POPULAR MODELS AND PRICES 


(Numbers preceding dash in model designation indicate output voltage; those following dash 
indicate maximum current.) 


Model Price Model Price Model 


50 watt 
MD 6.3—8.0 


200 watt 
MD 6.3—31.8 $257 
MD 12—16.7 215 


750 watt 
MD 6.3—120 
MD 12—62.5 


$159 
MD 12—4.2 145 


MD 28—1.8 
MD 48—1.1 


100 watt 
MD 6.3—15.9 
MD 12—8.4 
MD 28—3.6 
MD 48—2.1 


137 
131 


MD 28—7.2 
MD 48—4.2 


400 watt 
MD 6.3—63.5 
MD 12—33.3 
MD 28—14.3 
MD 48—8.4 


MD 28—26.8 
MD 48—15.7 


1500 watt 
MD 6.3—239 
MD 12—125 
MD 28—53.6 
MD 48—31.3 


CONTROLLED 





POWER 
PRODUCTS 


«+» THE WIDEST LINE MEANS THE WISEST CHOICE 
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GUARDIAN, 
IMPULSE RELAY 


featuring 


SERIES 


in. tip diam operates at 3450 rpm on 
115 volts, 60 cps. Delivers 250 cfm at 
total pressure rise of 1.15 psi in water. 
Noise characteristic, 53 db. Slotted 
blades give boundary layer control that 
produces high efficiency. General Dy- 
namics Corp., Electric Boat Div., Gro- 
ton, Conn. 

Circle 584 on Inquiry Card 


LEATHER INSTRUMENT CASES 


Made of top grain or split leather, 
multi-purpose instrument cases are 
furnished as stock designs or custom- 





bronze 
driving paw! 
and stop 


flat phosphor bronze 
return spring 


molded nylon bobbin nylon ratchet and cam 


positive non-jamming stop 
unique features of Guardian's Series 670 | built for specific applications. Cases 
Impulse Relay insure trouble free operation well in | ™*’ be unlined or lined with felt, 


rei y | sponge or plastic. Typical optional fea- 
excess of one million steps. Each momentary impulse | tures include carrying straps, compart- 


(up to 10 steps per second) causes relay to | ments, flaps, openings and choice of 


| 
reverse its cam actuated contacts. Contact arrange- | °olors and fasteners. Instrument Case 


| Div., Whitman Saddle. Mfg. Co., 1725 
ments up to D.P.D.T. and ratings to 1500 watts | mcuas * Chentadeak 23. aie 
non-inductive, or up to 20 amperes locked motor Circle 585 on Inquiry Card 
current, motor load control on 115 volts, 60 cycles. 

Coil voltages to 230 VAC or 110 VDC. MINIATURE GALL JOINT 
Applications include on/off control of lights, motors, | ype FM ball joint has a shell which 
: h | is 27/32 in. long, 14 in. diam. Ball 
appliances and speakers, among others. | screw is 5% in. long to ball center, with 
10-32 thread. Female threads in tap- 


gi 





Write for information on these and other Guardian Controls 


Rotomite Series 2505 6 P.D.T. No. 24 A.C. 
Continuous Duty Stepper Hermetically Sealed Relay Midget Solenoid 
| ped hole of shell vary from No. 4 to 10. 
| Unit is cadmium plated. Useful for 


GUARDIAN LG] ELECTRI hed | miniaturized servo-contro] systems. J. 


| J. Tourek Mfg. Co., 1901 So. Kilbourn 
MANUFACTURING COMPANY Ave., Chicago 23. 


1552-B W. CARROLL AVE., CHICAGO 7, ILLINOIS | Circle 586 on Inquiry Card 
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Royal has the skills and capacities to 
satisfy your coaxial or multi-conductor 


cable requirements . . . for electronic 
equipment, military applications, or 
—<————— community TV in- 
stallations. Take a 


look at the Royal line . 


. write for Bulletin 
4C-3-L listing stock 
constructions. Or let 
us quote on your spe- 
cial requirements. 

ROYAL ELECTRIC CORPORATION 


Saratoga Avenue 
PAWTUCKET ¢ RHODE ISLAND 


in Canada: Royal Electric Company (Quebec) Ltd., 
Pointe-Claire, Quebec 


RO 


+. @m associate of 
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ELECTRONICS 
CABINETRY HARDWARE 


Latching, locking and _ door-bolting 
hardware for electronics cabinetry is 
fabricated of stainless steel and alu- 
minum alloy. Line includes flush 
latches for horizontal or vertical instal- 


lation, bolting systems for coors or 
panels to seal against moisture, dust 
and air. Adams Rite Manufacturing 
Co., 540 W. Chevy Case Dr., Glendale 
4, Calif. 

Circle 587 on Inquiry Card 


MINIATURE CONNECTORS 


Vibration-resistant, watertight minia- 
ture Cam-Lok electrical connectors are 
for cable sizes 16 through 10 AWG; 
currents to 20 amp. Molded into neo- 


prene sleeves, male and female con- 
tacts are recessed to prevent exposure. 
Connectors molded to specified cable 
length. For outdoor use, watertight 
caps seal connector halves when dis- 
connected. J. B. Nottingham & Co., 
Inc., 441 Lexington Ave., New York 17. 

Circle 588 on Inquiry Card 


MINIATURE PHONE PLUG 


A small telephone plug, 1/25 the vol- 
umé  Gfegtandard plug, has been de- 
signed to match miniature phone jacks 





RUA 
WER 


For simple or complex constructions, Royal 
has the know-how and capacity to fill your 
multi-conductor cable requirements. Royal 
Multi-Conductor Cables are designed, made, 
and quality-controlled to give you the cable 
characteristics you want most on the job — 
easy workability, foot-after-foot quality, 
topmost dependability. Send us your cable 
specifications ...or ask to have our repre- 
sentative call. 
ROVAL ELECTRIC CORPORATION 
Saratoga Avenue 
PAWTUCKET, RHODE ISLAND 
In Canada: Royal Electric Company (Quebec) Ltd., 
Pointe-Claire, Quebec 
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SERVOMOTOR 
CATALOG 


Here are sixteen standard 
models of secKMAN® Size 
8 & 11 Servomotors...all 
precision built by Helipot. 
You'll find complete me- 
chanical and electrical specs 
in the new 24 page catalog. 
There are outline drawings, 
and Torque-Speed curves 
for every model...includ- 
ing servomotors and motor 
generators. For the theorist 
there’s an added attraction; 
a full discussion of Electro- 
magnetic Damping, with 
applicable transfer function 
equations. 

To get the complete 
BECKMAN Size 8 & 11 Servo- 
motor story at no cost, just 
write to us. 


Helipot*’ 


POTS : MOTORS : METERS 
Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 


mage 


aA 


| integrally to plug and cable up to 





| Type 
| 5/16-in. overall width, accommodates up 





already available. Made with straight 
black, red or natural anodized alumi- 
num shielded handle. Also with right- 
angle or straight Tenite handle molded | 
7/64 in. OD. Switchcraft, Inc., 5555 | 
No. Elston Ave., Chicago 30. 


Circle 589 on Inquiry Card 


MINIATURE FEED-THROUGH 
TERMINAL 

Feed-through 3FT3 secures directly to 
panel assemblies by means of integral- 
ly molded threaded body. Flats, also 


part of integral mold, allow insertion 
of 1% in. 24 NS-2A threads into as- | 


| sembly. Tin-plated brass rod of termin- 
| al conforms to QQ-B-626 and HP4-14 
| specifications, has contoured solder pot 
| flats on each end. Terminal available | 


in various sizes with body material of | 


| Melamine or diallyl phthalate in ac- 


cordance with military specifications. 
Full range of sizes, materials with male 


| or female threaded and rivet mountings 
| in either molded or metal base. Whitso, 


Inc., EF-2 Byron St., Schiller Park, 
Til. 
Circle 590 on Inquiry Card 





SUBMINIATURE 
TERMINAL BLOCK 
409-1802 


block, with | 


terminal 


to 21 terminals, plus mounting holes, 
in length of 4% in. Threaded-stud and 


| | slotted-nut design permits slipping hole 
lug over stud and then tightening slot- 
| ted nut. This eliminates need for hold- 


ing hole-type lug in position and si- 
multaneously starting fine 0-80 x ¥% in. 
screw into threaded hole. Barrier de- 

——— 


SQUARE-LOOP 
TAPE CORES 
TO MEET YOUR 
TOUGHEST 
SPECIFICATIONS 


Speed your specs to Dynacor 
when you want square-loop tape 
cores to exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe- 
rience and facilities—-the know- 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise. 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain- 
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 

. with fully guaranteed uni- 
formity . .. under rigid standards 
of control and inspection. 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im- 
mediate off-the-shelf delivery— 
Send for bulletins DN 2000, DN 
2001, DN 2002. 


1 


g 
eG 
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DYNACOR, INC. 


A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 


© 1961 8.1.1. 61105 1008 WESTMORE AVENUE «+ ROCKVILLE, MARYLAND 
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sign provides long leakage paths be- 
tween terminals. Plastic body material 
meets MIL-M-14. Studs and nuts are 
brass, nickel plated, may be gold- 
plated to order. Kulka Electric Corp., 
633-643 So. Fulton Ave., Mt. Vernon, 
Ne Be 

Circle 591 on Inquiry Card 


STANDARD FLEXIBLE SHAFTS 


Complete flexible shaft packages — 
shaft, neoprene-covered casing, stand- 
ardized coupling—are available off-the- 


shelf. Shaft sizes from 0.150 in. to 0.500 
in. in standard lengths are ready to 
attach to mating spindles. Usable in 
either rotational direction. S. S. White 
Industrial Div., 10 E. 40 St., New York 
16. 

Circle 592 on Inquiry Card 


RELAY-OPERATED 
VOLTAGE DIVIDER 


Model RVDM-305 is operable under 
environmental extremes required by 
military specifications. Accuracy, 0.003 
per cent. Response time, 15 millisec. 
Components mounted on glass-epoxy 


card. Dimensions, 334 in. wide x 714 
in. long x 114. high. May be used as 
digital-analog converter, adjustable 
rheostat, variable voltage or resistance 
ratio or ratiometer. Julie Research 
Laboratories, Inc., 603 W. 130 St., 
New York 27. 

Circle 593 on Inquiry Card 


PROPORTIONAL 
SOLENOID ACTUATORS 


Model 10 proportional solenoids pro- 
vide high-force linear-displacement elec- 
tromechanical actuation without relying 
on permanent magnets for performance 
characteristics. Used in systems where 
presence of permanent-magnet torque 
motor is undesirable, units operate 
push-pull from quiescent current level. 
Operate continuously, submerged in 
either fluid or gas, at temperatures to 
450 F. Specifications for typical unit: 
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WOULD 30 DAY DELIVERY 
HELP? Then call Helipot. We'll _ 
deliver BecKMAN® Panel Meters...in a 
variety of styles, shapes and models... 
within 30 days after receipt of your 
order. Specials may take 45 days. 

Fact is, quick delivery and customer 
service go along with every BECKMAN 
meter... voltmeters, ammeters, milliam- 
meters, and microammeters...in sizes 
ranging from 244” to 4%”. 

Best of all, they are excellent meters 
...and we can prove it! A Certified Test 
Report (which you may have for the 
asking) gives details of rigidly con- 
trolled tests conducted to find out just 
how good our meters are. In all cases, 
units tested met or exceeded MIL-M- 
10304A, Like we said: they are excellent 
meters. 

Clearly, if you need panel meters, call 
Helipot. Delivery is dependable, quality 
is excellent, and the price is right. The 
other things we could say in favor of 
these meters are contained in the latest 
meter Data File. Send for it: your 
meter problems will be solved. 





A FIST 
FULL OF 
RELIABLE 
POWER... 


. .. MERKLE-KORFF 
FHP GEARED MOTORS 


Engineers want unfailing reliability, higher 
starting torques, more power, more ver- 
satility, more ruggedness . . . in smaller 
packages. 

Merkle-Korff Geared Motors are the 
answer. They pack more torque into fist- 
sized spaces (even reversibles) with less 
weight and provide unequalled depend- 
ability. They represent not only a better 
buy, but better performance for equipment 


they power. 
Versatility? Thousands of combinations 


‘of motor types, speeds, torques, brakes, 
fans and mounting facilities are available 
as standard equipment. When you specify 
Merkle-Korff Geared Motors, you are speci- 
fying the best. 


Merkle-Korff Applications Engineers are 
always ready to serve you. Write or tele- 


phone, now. 


y MERKLE-KORFF GEAR CO. 


TORQUE & RPM 


Torques from .4 to 300 Ib.-in. 
at 800 to 1/5 RPM. Slower 
or higher speeds available on 
special order, 


MOTOR TYPES 


- include unidirectional 
shaded pole induction, tandem 
induction reversing, wound 
shading coil induction revers- 
ing, unidirectional synchronous 
and wound armature types for 
universal AC-DC and shunt 
wound DC with lead arrange- 
ment for reversing as required. 
115 volts, 60 cycles or DC is 
standard. Special voltages and 
frequencies are available. 


MOUNTING POSITIONS 


Horizontal or vertical up or 
down shafts in base mounted, 
no base (face mounted), inver- 
ted base or sidewall mounted 
designs. 


OPTIONAL FEATURES 


The Model BF Geared Motor 
may be ordered with leads, 
cord set, quick disconnect ter- 
minals, brakes, motor covers 
thermal overload pretestons, 
right angle shafts and vaslous 
oiling arrangements. 


—" 


stroke, +0.005 in.; midposition force, 
5 lb; hysteresis, 2 per cent; resonant 
frequency, above 700 cps; power re- 
quired, 2.1 watts max; weight, under 4 
oz. Servotronics, Inc., 190 Gruner Rd., 


Buffalo 25, N. Y. 
Circle 594 on Inquiry Card 


MOLDED PRINTED- 
CIRCUIT TOROIDS 


Printed-circuit toroid inductance values 
range to 4 henrys, with Q values to 220, 


depending frequency. Size is ¥ X % 
xX 5 in. high, plus 0.025 in. boss. 
Torotel. Inc., 5512 E. 110 St., Kansas 


City 37, Mo. 
Circle 595 on Inquiry Card 


HIGH-CURRENT CHOKES 


Chokes useful in many applications 
have low-voltage and high-current re- 
quirements. Packaging, MIL-T-27 case 
of AH type (1™%e x 1"%4o x 154). Range, 


500 wh at 5 amp to 100 ph at 20 amp. 
Foil wound for good current-carrying 
capacity and low temperature. Atlas 
Transformer Co., 1839 Moore St., San 


Diego 1. 
Circle 596 on Inquiry Card 


See Laboratory and Engineering 
Equipment on page 234 


Postcard return cards are provided at 
end of book as a convenience to the 
reader in obtaining further information 


on— 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 


Chicago 7, Illinois 


211 North Morgan Street € 
Telephone: MOnroe 6-1900 
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TABER VELEDY/INE SYSTEMS 


For Electrical Measurement of PRESSURES, actuate indicators, 
recorders and controllers. 


Because the TELEDYNE can be DIRECTLY cable-connected to the 
TABER INDICATOR (or ANY quality recorder or controller) as far as 1% 
mile away, it becomes your best choice for measuring all gas and liquid 
pressures. No Auxiliary equipment is required, as the Taber Indicator has its 
own pre-amplifier and power supply. In addition, (1) Teledyne has an easy 
clean-out pressure cavity feature, (2) handles extremely corrosive media 
such as fuming NITRIC ACID and FLUORINE, (3) Bonded Strain Gage 
construction makes it relatively insensitive to vibration or shock, (4) has 
built-in overload protection at no extra cost. Repeatability 0.1%, Linearity 
0.25%, Hysteresis 0.25%, Ambient Temperature —100° to +275° F,, 1 
Millisecond response, Pressure ranges up to 10,000 PSI. 


Write for //lustrated Literature 
TABER INSTRUMENT CORPORATION 
“Where the Accent is on Accuracy & Feeliability” 


Section 165 107 Goundry St. 


Model 236 Pressure Indicator 


North Tonawanda, N. Y. 


Telephone: 


Indicator- Recorder 
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FOR AUTOMATIC 
CONTROLS 


20 to 
200 D.P. 


Send your prints 
for quotations 


SPURS 
HELICALS 
WORM AND 
WORM GEARS 
STRAIGHT BEVELS 
LEAD SCREWS 
RATCHETS 
CLUSTER GEARS 
RACKS 
INTERNALS 
ODD SHAPES 


We make gears like these fora 
wide variety of gages, meters, 
indicators, controllers, etc. 
Tell us your needs. 


<qweer 


IN GEARS & 
a 


Ss WEL A VP 


1035 PARMELE STREET, ROCKFORD, ILLINOIS 
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NX 3-8900 TWX-TON 277 


‘ 


Cue a 4 


Indicator- Controller 


LOOK TO THE MAN BEHIND 


THE MANUAL 


/ 
cdl 
MANUAL 


before 
you buy bearings! 
in the central states 


ALFRED J. CAPELLI MGR. 
Central Regional Office 


New Hampshire Ball Bearings, Inc. 


566 Northwest Highway 
Des Plaines, Illinois 
Tel: VAnderbilt 7-6646 


HELL TELL YOU what our 150- 
page manual can’t. An Instru- 
ment Ball Bearing Engineer, 
he’s ready to help you design 
around standard types and 
sizes to speed your new develop- 
ments and cut your costs. He 
can also consult on the design of 
special bearings. 


HE’LL BE GLAD to send you our 
manual if you don’t already own 
it. It’s’ now in the hands of more 
than 50,000 qualified engineers, 
draftsmen and _ purchasing 
agents. Want one? 


BALL BEARINGS, INC. 
PETERBOROUGH, N. H. 
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PRESIDENT 


He’s the designer 
who first put Luster-On° 
on the job! 


Luster-On is The Chemical Corporation’s 
low-cost protective finish for aluminum, 
brass, cadmium, copper or zinc. It is 
supplied in a complete line of uniform- 
controlled chromate conversion coatings 
that provide maximum protection in a 
single, simple, economical operation. 
Available as a liquid or powder for im- 
mediate delivery. 


Specify Luster-On, Best — 


FOR BRILLIANT CORROSION-RESISTANT 
FINISHES . . . rivals even chrome in many 
instances where cost is a factor. Long- 
lasting, easily controlled application. 


FOR CLEAR, BRIGHT AND IRIDESCENT 
COATINGS... imparts striking, attractive 
appearance with complete corrosion pro- 
tection, even when humidity and han- 
dling are encountered during processing. 
Also available are yellow iridescent and 
olive drab for concealed parts or as a 
paint bond. 


FOR DECORATIVE COLOR... on low-cost 
zine. Brilliant golds, yellows, blues, reds, 
greens, violets, brass and copper hues. 


FOR ALUMINUM .. . replaces expensive 
anodizing where surface hardness is not 
of prime importance. An excellent finish 
for paint bonding. 


FOR LASTING BRIGHTNESS... on both 
copper and brass without noxious fuming. 
FOR DIE-CASTINGS . .. one quick dip pro- 
vides uniform finish; superb as a base for 
painting. 

See for yourself what Luster-On can do for you! 


Send us a sample part — now — for free process- 
ing. Data sheets on request. 


Luster-On — first and still the 
finest in conversion coatings. 


The 


emical 


Corporation 


63 Waltham Avenue « Springfield 9, Mass. 


£34 Circle 255 on Inquiry Card 


Laboratory and 
Engineering Equipment 


PHOTOELECTRIC 
TACHOMETER 


Tachometer for precise digital measure- 
ment of shaft speeds, particularly on 
sub-fractional motors, is accomplished 
by using integral light source, 60-seg- 
ment rotating interrupter, photo-junc- 


tion cell and transistor amplifier. Every 
6 deg of shaft rotation causes 2-volt 
d-c pulse which is fed into digital 
counter to provide reading in rpm. 
Measures speed from 0 to 25,000 rpm, 
requiring driving torque of 0.05 in.-oz 
at 3600 rpm. With regulated power 
supply. Servo-Tek Products Co., 1086 
Goffle Rd., Hawthorne, N.J. 

Circle 597 on Inquiry Card 


SOLID-STATE 
ANALOG COMPUTER 


TR-5 mounting unit allows solid-state 
plug-in components to be assembled 


into a variety of special-purpose ana- 
log computers. Mounting unit contains 
all controls necessary for 20-amplifier 
computer, houses up to six computing 
components and a solid-state power 
supply. Up to two expansion units may 
be added to basic rack: one is prewired 
to accept an additional five dual amp- 
lifiers, plus unwired space for five 


more dual modules; the other provides 
space for ten dual modules. All units 
are powered from same supply. Space 
requirement varies from 0.6 cu ft to 
1.8 cu ft. Electronic Associates, Inc., 
Long Branch, N. J. 

Circle 598 on Inquiry Card 


UNSTABLE-SECTION 
DYNAMOMETER 


Dynamometer tests induction motors 
from no-load speed to pull-up torque. 
Unstable section lies between maximum 
torque and pull-up torque, cannot 
normally be tested by standard absorp- 
tion dynamometers. Basic dynamometer 


uses current-controlled hysteresis brake, 
with unstable-section circuit an en- 
largement of standard dynamometer 
circuitry. Current to brake, which de- 
termines applied torque, is controlled 
by pentode regulator to make dyna- 
mometer sensitive to speed change. Un- 
stable-section dynamometers range 
from 0.2 in.-oz to 320 in.-lb capacities. 
John Chatillon & Sons, 85 Cliff St., 
New York 38. 

Circle 599 on Inquiry Card 


SOLID-STATE 
PREAMPLIFIERS 


TA Series preamplifiers have a noise 
figure of less than 2 db, operate from 
self-contained batteries, and are pro- 
vided with battery-condition indicator. 
Model TA-4 is for use with source im- 
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CONTROL 


New! Cutler-Hammer Size 
00 A-C Magnetic Starter... 
20% smaller...18% less cost 


Now savé space and money with the all new Cutler- 
Hammer Ac-Magnetic Starter. The new Size 00 fits 
about 40% of the applications where the Size 0 is 
now used. You still get the famous Three Star line 
quality-same high reliability—famous vertical, 
dust-free silver contacts. Max. hp ratings: 3 phase: 
208/220V., 114 h.p. 440/550V., 2 h.p. Single phase: 
115V., 14 h.p. 230V., 1 h.p. Get it open or in NEMA 
1 enclosure. Send for Pub. LO-40-D231. 


| SUTLER Mannsee 


WHAT'S NEW? ASK... 


CUTLER-HAMMER 


Cutler-Hammer, inc., Milwaukee, Wisconsin + Division: Airborne Instru- 
ments Laboratory « Subsidiary: Cutler-Hammer International, C. A. « Asso- 
ciates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer, Mexicana, S. A, 
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LOOK TO THE MAN BEHIND 
THE MANUAL 


before 
you buy bearings! 


in the west 


3 THEODORE KANELL, MGR. 
ELECTRICAL INSULATING PAPER | bd Western Regional Office 
' ay New Hampshire Ball Bearings, Inc. 
f 1540 No. Highland Avenue 
® Dielectric strength — 300 volts ® Density: 1.30 — 1.35 a , Hollywood 28, California 
per mil © Thickness from .004” to .030” Tel: HOllywood 4-0208 
® Tensile strength—13—16,000 ® 100% rag stock paper 
Ibs./Sq. In. ® No sizing or fillers used. HIS JOB STARTS where our 150- 
page manual stops. He’s an 
Instrument Ball Bearing Engi- 
neer. He’s a good man to talk 
with before your designs are 


High Performance Electrical Insulators a treamm. Maybe he can save you 
apt ehrogs time and money. It costs noth- 


COPACO — Highest grade 100% rag insulation paper gore ing to find out. 
COPAREX — Economical grade 100% rag insulation paper NE’S ALSO THE MAN to contact 


COPALAM — Class 8 asbestos — glass laminate insulation if you don’t already own our 
material manual, the nearest thing to a 

Write for free samples, literature and name of textbook on miniature and in- 

nearest Cottrell representative. strument ball bearings ever 


published. 
ut Oper Company Ine | NEW 
HAMPSHIRE /2A.L BEARINGS, INC. 


“Glazed roll” finish — others available. ; 
Can be combined with other materials. neti i 
Available in rolls, sheets or coils. a H 


88 Purchase St. Fall River, Mass. 
PETERBOROUGH, WN. H. 
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NEED A MANUAL POWER SWITCH 


THAT CAN BE ELECTRICALLY TRIPPED ? 
HEINEMANN HAS IT 


Applications are popping up all over for this popular variation on the circuit 
breaker. It seems that there’s nothing that quite fills the same bill. 

For want of better terminology, we've called it an electrically-tripped 
power switch. 

First, it's a manual remote switch. Second, it can be electrically turned “off” 
by a remote contact ... a timer, an interlock circuit detecting malfunction 
or an overload condition. 

“A switch” to the layman, this specialized breaker is everything to the 
designer looking for simplicity (switch and lock-out relay in one), interrupting 
capacity (2000 amperes at 125 V., AC), compactness 
and low cost. 

Typical applications include timing cut-off on an 
every-day copying machine; malfunction shut-down of a 
popular bowling pin spotter. 

If you have any product that should be switched “on” 
or “off” manually . . . and tripped “off” electrically .. . 
you should know more about this Heinemann product. 


Send for complete data; request Bulletin 3201. 


HEINEMANN ELECTRIC COMPANY <> 101 Plum Street, Trenton 2, N.J. 


236 Circle 259 on Inquiry Card 





pedances ranging from 5 to 24 ohms 
or 25 to 100 ohms, provides a max 
gain of 50,000 over band-width of 10 
cps to 5 ke. Model TA-5 is used with 
source impedances of 100,000 ohms or 
less; provides max gain of 1000 over 
bandwidth of 5 cps to 1 me. Radiation 
Electronics Co., 5600 Jarvis Ave., Chi- 
cago 48. 

Circie 600 on Inquiry Card 


TEMPERATURE RECORDER 


Recorder operates directly from a 
thermocouple to permit temperature 
recording without a signal amplifier. 


Max temperature span is 0 to 2500 F. 
Accuracy is +2 per cent of full scale. 
Standard chart speed is 1 in. per hr. 
Input voltage is 115 volts a-c. Dimen- 
sions are 3°% in. wide, 5°4 in. high and 
41% in. deep. Weight is 34% Ib. Assem- 
bly Products, Inc., Chesterland, Ohio. 

Circle 601 on Inquiry Card 


MULTI-TRACE 
OSCILLOSCOPE 


Model 769 oscilloscope displays up to 
eight waveforms on a vertically mount- 
ed 17-in. CR tube. Gating amplifier 
required for each Y-axis input. In- 
strument, including amplifiers, is suit- 
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Now—EASTERN’S Flying Freighters offer 


OVERNIGHT 
DELIVERY 


New York—Miami—San Juan 
New York—Atlanta—New Orleans—Mobile—Houston 
Chicago—Atlanta—Miami—San Juan 


@ Reserved space on every Freighter flight. 
@ Pressurized and temperature-controlied. 


@ Flights daily except Saturday and Sunday nights. Leal ss Se 


@ Pickup and delivery service available. 


In addition, Eastern offers freight space on over 400 daily passenger : 
flights —including DC 8-B Jets and Prop-Jet Electras—to 128 cities 
in the United States, Canada, Bermuda, Puerto Rico and Mexico. 


For Information and Freight Reservations, call your 
Freight Forwarder, Cargo Agent or Eastern Air Lines. 


EASTERN /AIR LINES 
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Cais for Contact Capsules 


SINGLE ¢ DOUBLE « TRIPLE 


For Class 6 
Class F 
Class 

operation 


(Please specify) 


Coto-Coils 


COTO-COIL CO., INC., 63 Pavilion Avenue, Providence 5, R. |}. 
Circle 261 on Inquiry Card — 


WIRE/CABLE STRIPPING 
MACHINES 


Cut costs 1/3 or more oa 
high-speed, 


machine 
ping. SPEEDCGRAFT 
fully automatic, brush- 
type, and air-type ma- 
chines are precision-built 
and backed by over 30 
years’ specialized experi- 
ence. Proved-in-use de- 
signs, quality features 
throughout. Complete 


mical 

: stripping bs 
Prompt, accurate reply, 
send 3-foot sample and 


brief details. 


WIRE STRIPPER CO. 


1729 Eastham Avenue, Cleveland 12, Ohio 
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LOOK TO THE MAN BEHIND 


THE MANUAL 


before 
you buy bearings! 
in the northeast 


DONALD J. KNIZAK MGR. 
Northeastern Regional Office 


New Hampshire Ball Bearings, Inc. 


Peterborough, New Hampshire 
Tel: WAiInut 4-3311 


HE HAS ANSWERS TO problems 
not covered by our 150-page 
manual. An Instrument Ball 
Bearing Engineer, he’s right in 
the middle of all new develop- 
ments pertaining to instrument 
bearings. He can help you save 
days-and dollars-on your de- 
sign projects. 

HE WANTS to see to it that our 
manual is owned by every 
qualified engineer, draftsman 
and purchasing agent in his ter- 
ritory. Do you have one? 


NEw 
Joa BEARINGS, INC. 


PETERBOROUGH, N. H. 
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— sample quantities 
produced 
quickly and 
economically! 


Hand-made pre-production 
parts eliminate tooling 
costs ... save you time and 
money. Consult I-S engin- 
eers for fast, economical 
service on your sample 
orders. Send drawings and 
specifications for 
quotations. 


After proving correct 
design in your Model Shop, 
return to I-S for produc- 
tion quantities. Supreme 
accuracy, uniformity and 
long endurance life is 
assured by I-S precision 
methods of manufacture. 


BERYLLIUM 
COPPER 
SCREW 

MACHINE 

PRODUCTS 


Prototype and 
production parts 
from .020” to 
1.00’ diameter. 


INSTRUMENT 
SPECIALTIES 
™ Co - Inc 


254 Bergen Bivd., Little Falls, N.J. [sweers 
Telephone: CLifford 6-3500 


PROCESSED” 
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able for bench use or rack mounting. 
Capable of repetitive and single-sweep 
speeds of 5, 2.5 and 1.25 in. per sec. A 
25-sec single sweep is included for 
slowly varying waveforms. Sweep line- 
arity better than 3 per cent. Sanborn 
Co., 175 Wyman St., Waltham 54, 
Mass. 


Circle 602 on Inquiry Card 
SWEEPING-IMAGE 


Model 339 camera produces an unin- 
terrupted streak image 50 in. long on 
35-mm film, for documentation of ran- 
domly occurring events not suitable for 


| synchronization. Writing rate, 9 mm 


per psec at a max mirror speed of 


| 2600 rps. Time resolution is 5 X 10°° 
| sec or better, min total writing time 


is 145 psec. Solid-state automatic tur- 
bine-speed monitor provides overspeed 


| safety cutout. Beckman & Whitley, 
Inc., San Carlos, Calif. 


Circle 603 on Inquiry Card 


"VARIABLE PHASE 
| STANDARD 


Model VPS-1 standard permits phase 
between two self-generated voltages 
to be shifted to any desired angle, 


with an accuracy of 0.05 deg or bet- 


| ter. Vector output has max amplitude 
| of 50 volts rms, can be attenuated in 


steps of 50 mv. Selector switch permits 
operation at any of three frequencies 


| within 150 to 3000 cps range. Unit 
| requires no external equipment for 


operation or calibration. Gertsch Prod- 
ucts, Inc., 3211 S. La Cienega Blvd., 
Los Angeles 16. 

Circle 604 on Inquiry Card 


VIBRATION MONITOR 


Resonance-type monitor protects equip- 
ment and processes against damage 
from excessive vibration. Sensitive to 
vibrations down to 2 microin. ampli- 
tude, unit flashes signal or stops ma- 
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IN STOCK— 


WHEN YOU'RE TALKING 
INSULATION, WE CAN HELP 


West Virginia offers three grades of pressboard insu- 
lation, each combining low cost with the higher dielec- 
tric strength every design engineer looks for: 
PRESSITE: Absorbent, unsized . . . for air, oil and 
askarel transformers, and capacitors. 

ELECTRITE: Hard, with high tensile strength for 
clean, smooth punchings. 

DENSITE: Extremely hard, for punchings; sized for 
moisture resistance or unsized for applications in oil. 
Pressite, Electrite and Densite are made from 100% 
virgin kraft pulp from our own mill. Our complete 
product control from forest to you assures consistent 
uniformity and absolute purity, with no metallic 
particles. 

See How Our Pressboard Can Help You. Write for 
complete technical data, and Underwriters’ Labora- 
tories Report #E3987. Board Products Sales, West 
Virginia Pulp and Paper Company, Covington, Virginia. 


West Virginia 
Pulp and Paper 
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GLASS” TIPPED’ SET SCREWS 


GLASS—Hard, Dense, 


Smooth, Concentric, 
Hemispherical 
SCREW—Stainless Steel, 
Slotted, Ground Threads, 
Sizes 4, 6, 8 N.F. G N.C. 
4-48 x 7/32, 5/16, 3/8, 7/16 & 1/2 
6-40 x 9/32, 3/8 & 1/2 
8-32 x 5/16, 1/2 & 7/8 


HARTWOOD GLASS & METALS COMPANY 
P.O. Box 865 Martinsburg, West Virginia 


Specializing in Glass Coated Metals for Electrical Insulation 
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DYKEM 
etd 2 


aaSrry, ee 


Popular 
8-08, can 


plying right at Tes 


metal surface ready for = 
layout in a few minutes. = 
The dark blue background = 

= makes the scribed lines & 
-, show up in sharp relief, = 
prevents metal glare. In- = 
creases efficiency and & 
accuracy. & 


write for sample 


on company letterhead = 


THE DYKEM COMPANY 
=F 2303F North 11th St. 
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ckage is = 
itted with = 
Bakelite cap nesting : 
soft-hair brush ap- = 


St. Lovis 6, ie. = 


THE MANUAL 


before 
you buy bearings! 


in the east 


SIDNEY J. GOODRICH MGR. 
Eastern Regional Office 
New Hampshire Ball Bearings, Inc. 
61 Cutter Mill Road 
Great Neck, New York 
Tel: HUnter 2-8633 


| LOOK 10 THE MAN BEHIND 


HE’LL BRING YOU up to the min- 
ute on new developments not 
covered by our 150-page man- 
ual. An Instrument Ball Bear- 
ing Engineer, he’ll help you 
select the type and size of bear- 
ing that will deliver top per- 
formance. Try him and see. 





cpap 


erreniy yl 


HE’LL SEND YOU our manual if you 
already don’t own it. It belongs 
in the files of every qualified 
engineer, draftsman or pur- 
chasing agent. 


NEw 
HAMPSHIRE /oAt BEARINGS, INC. 


PETERBOROUGH, N. H. 
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Precision made Ceramic parts 
to meet your EXACT specifications 


Through the years Wisconsin Porcelain 
Co. has consistently demonstrated its 
ability to make ceramic parts to exact 
requirements. 

The uniformity and toughness of 
Wisconsin Ceramics speeds assembling 
and reduces production costs. Wisconsin 
Ceramics are especially adapted to auto- 
Matic Of semi-automatic processes. 

Whether you need porcelain, refrac- 
tory, steatite or filter parts, you will find 


that Wisconsin Ceramic parts reduce 
rejects to a minimum and help cut 
production costs. 

We will be glad to quote prices and 
delivery ...or our engineers will work 
with you on special Ceramic problems. 

Serving the Electrical and Electronic 
Industries since 1919. 


WISCONSIN PORCELAIN CO. 
115 MARKET ST. + SUN PRAIRIE, WISCONSIN 
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MEET and 
EXCEED 
MIL 
REQUIREMENTS 


Applications: 


Computor Circuits 


Smaller than ever 


Metallized Mylar* 
CAPACITORS” 





Audio Coupling 
Tuned Filters 
PPN 
Energy Storage 
Oscillator Circuits 
Power Supply Filter 
Power factor correction 
Arc and Spark 
Suppression 
Integrating Circuits 
Audio & RF by pass 
Analog Computors 


Metallized Mylar* has outstanding advantages which are ex- 
tremely desirable. They include self-healing characteristics 
which greatly extend the useful life of the capacitors. Elimi- 
nation of the weak dielectric areas make full use of the high- 
est volts per-mil rating of the film. This produces capacitors 
which are extremely small, but have longer life, greater reliabil- 
ity with economy. Temperature range, for operating and stor- 
age minus 90° ¢ to 125° c; capacitance tolerances are 1%, 
2%, 5%, 10%, 20%; low dielectric absorption and high re- 
sistance are just a few advantages. For complete literature with 
curves, complete listings, technical information and illustra- 
tions, write today. 


Low and high pass filters Available in two case styles: —bathtub (TYPE AB) 
Radio Frequency Coupling —Metal clad miniature (tubular—TYPE AM) 


Write for full details and illustrated literature. 


Tr rae 


2620 N. Clybourn Chicago 14, Illinois 
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DI 8-3735 


chinery if safe limits are exceeded. 
With accessory plug-in attachment, a 
portable balancer corrects the condi- 
tion creating the vibration. Tunable 
pick-up filters out extraneous vibra- 
tions through mechanical resonance. 
Stewart-Warner Corp., 1826 Diversey 
Parkway, Chicago 14. 

Circle 605 on Inquiry Card 


VIBRATION METER 


Model-1 meter is for vibration testing 
of motors and other equipment. Meas- 
ures vibration amplitude by oscillation 
of light beam on graduated ground- 


glass scale. Seale is mounted at 30- 
deg angle for convenient reading. 
Available with full scale readings of 
0.032, 0.016, 0.004 and 0.002 in. Vi- 
broscope Co., P. O. Box 97, Glenford, 
N.Y. 

Circle 606 on Inquiry Card 
PULSE GENERATOR 


Model 750, nanosec-pulse source, is 
capable of delivering a positive and 
negative pulse simultaneously. Fea- 
tures rise time of 0.5 nanosec; repeti- 
tion ranges from 10 to 100,000 pulses 
per sec. Pulse amplitudes are approxi- 


mately 8 volts into 50 ohms, may be 
varied from 2 to 100 nanosec. Time 
difference between trigger pulse and 
main pulses is selectable over a 100 
nanosec range. Size is 10 x 10 x 13 in. 
Germeshausen & Grier, Inc., 160 Brook- 
line Ave., Boston, Mass. 

Circle 607 on Inquiry Card 


POWER BRIDGE 


Model PB-1 power bridge is for use 
with 200-ohm bolometer mounts using 
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This 24” diameter coil wound with 18 pounds of #.064x.130CCHEP rectangular magnet 
wire, is entirely self-supporting because it’s made of Anaconda’s new cement-coated 
epoxy magnet wire. The outstanding bond strength of this wire is stable at high 
temperatures, too, so coils can be removed from the oven and handled while still 

hot without danger of deforming. 


new CEMENT COATED EPOXY 
magnet wire makes possible 
coils that hold their 
‘shape without support, 
hot (200 C) or cold 


The secret’s in the bond strength. Anaconda’s new 
130 C (Class B) cement-coated epoxy magnet 
wire forms a bond so strong that the coil is com- 
pletely self-supporting. 

No ties or braces are needed at any temperature 
up to 200 C. In fact, it can be removed from the 
oven at 200 C and dipped in encapsulating mate- 
rials without losing its shape. Both ways you save 
on production costs. 

The unique Anaconda epoxy cement coating 
softens just enough to bond each wire firmly to 
adjacent wires. The higher the temperature (to 
200 C) the stronger the bond. It’s a contact bond 
with minimum flow. 

And the inherent dielectric properties and lim- 
ited flow of the epoxy cement actually contribute 
to the electric strength of windings. Thus you can 
use cement-coated epoxy wire with little or no in- 
crease in overall diameter of the wire. 

More advantages: Anaconda cement-coated 
epoxy magnet wire won't hydrolize in enclosed sys- 
tems; it’s completely compatible with standard 
transformer oils, varnishes, insulation and encapsu- 
lating materials; it’s available in all sizes of round, 
square and rectangular, in spools, reels, pails or drums. 

For more information about Anaconda cement- 
coated epoxy magnet wire, contact Anaconda Wire 
and Cable Company, 25 Broadway, New York 4, 
New York, Department EFL-1-ET. 


ASK THE MAN FROM 


ANACONDA % 


FOR CEMENT-COATED EPOXY MAGNET WIRE 
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.., another 
NEW product 


NOW AVAILABLE - 
540 Ib-in. Torque 
Miniature Clutch 
Model 5.5 
Style SMR* 
(Shown 2 Size) 


*Style SMR 
signifies 
Stationary 
Magnet Body, 
Rotor—Ball 
bearing mounted. 


MORE TORQUE PER POUND... 
, MORE TORQUE PER CUBIC INCH... 
weighs 24%,—63% LESS, occupies 19%—64% LESS cubic area, 
than other standard clutches of similar torque rating! 

STEARNS STYLE SMR MINIATURE CLUTCHES 


Max. 
MODEL | MAX. TORQUE | DIAMETER 
5%” 
46" 
34%" 




















e For applications requiring high torque, high running speed, mini- 
mum size and weight. e Ball bearing mounted rotor, and stationary 
magnet body eliminate alignment problems — speed installations. 

e Can be supplied: 1. For 6, 12, 28, 90, 115 VDCW — class “A” 

through class ““H” insulation. 2. With integral sprockets or sheaves. 

3. To meet military specifications. 4. In split and thru-shaft ar- 

rangements. 5. In any combination of the above. 6. As magnetically 

set brakes, and as clutch-brake combinations. 

e Installation- Proved — for Assured Matched-to-the- Machine Per- 
formance and Long Life. Request 
complete Clutch Data File 61C. 

120 NORTH BROADWAY © MILWAUKEE 2, WISCONSIN 
The Complete Line of Electromagnetic Clutches — Brakes — Clutch-Brokes 
SINCE 1917-THE CHOICE OF LEADING MOTOR AND MACHINERY MANUFACTURERS 
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either 4.5- or 8.75-ma barretters or a 
pair of 13-ma thermistors. Accuracy 
of 14 per cent in substituted power 
is achieved between 500 pwatts and 
20 mw. Weinschel Engineering, 10503 
Metropolitan Ave., Kensington, Md. 
Circle 608 on Inquiry Card 


VIBRATION-PICKUP 
CALIBRATOR 


Battery-operated vibration calibrator, 
Type 1557-A, calibrates accelerome- 
ters, vibration pickups and vibration 


meters. Acceleration accuracy is +10 
per cent; frequency accuracy is +1 per 
cent. Power is supplied by four mer- 
cury cells, whose life is 100 hr. In- 
strument weighs 334 lb. General Radio 
Co., West Concord, Mass. 

Circle 609 on Inquiry Card 


INSTRUMENT 
POTENTIOMETER 


Model AE5075 potentiometer compares 
two voltages which are within 0.1 per 
cent of each other to within 1 micro- 


volt directly, or to within a fraction of 
a microvolt by interpolation on the 
galvanometer. Terminals are thermally 
shielded. Range is from 0-1110 micro- 
volts with a resistance of 100 ohms per 
millivolt. Power source is a_ built-in 
saturated standard cell. Physics Re- 
search Laboratories, P.O. Box 555, 
Hempstead, N.Y. 

Circle 610 on Inquiry Card 

See Product Index for this issue 
on page 244. 
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Improve your list of suppliers with 
Conover-Mast Purchasing Directory 


FEBRUARY 1961 


With a good industrial directory you can be certain your company 
is buying from the best suppliers. By checking CMPD you eliminate 
the chance of overlooking important sources of supply. 


CONOVER-MAST PURCHASING DIRECTORY offers great reliability. The 
addition of telephone numbers makes CMPD the most up-to-date buying 
directory published. Telephone numbers give you a convenience 

found in no other general industrial directory. 


Because CMPD lists only products used by industry, you 
find the sources you want quickly and easily. 


Conover-Mast 
Purchasing Directory 


205 East 42nd Street « MUrray Hill 9-3250 «© New York 17, N. Y. 





PRODUCT INDEX 


Components, parts and materials described in this issue’s editorial and advertising pages. 


Key: page number only indicates advertisement; letter “e”’ with page number indicates editorial mention. 


COMPONENTS, 
ELECTRICAL /ELECTRONIC 


Actuators—23 le 


Batteries—182e 
Brakes—180e, 227e 


Capacitors—70, 174e, 240 


Choppers—l4le, 174e 
Clocks, digital—204e 
Clutches—180e, 22Ge, 227e, 242 


Contact devices 
Brushes and brush bolders—177 
Commutators—196e 
Slip rings—174e, 180, 204e 


Control systems—174e, 198e, 200e 
Cooling equipment—166e, 192e, 
777 
2i/e 


Counters—150e, 184e, 186 


Electron tubes 
Cathode ray—202e 
Counting—184e 
Power—184e 
Special—166e, 178e, 180e 


Fans and blowers—174e, 247 
Fileers—-166e, 167, 232e 


Magnetic amplifiers—166e 


Magnetic components 
Bobbins core boxes—204 
Coils and windings—232e, 237 
Cores—67, 230 
Permanent magnets—54 
Shielding—52 
Leminations—151 


Meters, panel—207, 231 


Microwave devices—166e, 
209e, 222e 


Protective devices * 
Circuit breakers—|\174e, 


236 
Thermal—33 


Reactors— 166e 


Relays 

General purpose—176, 181, 
201, 209, 228 

Industrial—176 

Miniature—29, 175e, 209 

Special—176, 214, 2l4e, 215e, 
228 

Telephone—158, 201, 209 

Time delay—176, 21G6e 


Resistors—51, 55, 175e, 178e, 196, 
199, 23le 


Seals and terminals, hermetic— 
172e 


Semiconductor devices 

Contact protectors—17, 206 

Controlled rectifier—216 

Photocells—184e 

Radiation detectors—186e 

Rectifiers and diodes—32, 38, 
58, 166e, 176e, 188e, 19le 

Transistors—tinside front cover, 
23, 42, 166e, 176e, 178¢e, 
186e, 188e, 19le 

V aristors—44 
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Servo components—169e, 178e, 


182e, 202, 230 
Solenoids—14, 228, 23le 


Switches 
Controllers and contactors—21, 
45, 176. 198e, 214, 214e, 
218, 235 
Lever—206 
oO 69, 143, 175e, 219, 


20e 
Pushbutton—48, 61, 197, 219 
Rotary—61 
Snap action—49, 61, 219, 22le 
Special—49, 175e, 181, 196e, 
215e, 218e. 2?Me, 22le, 222e 
Stepping—179, 22le 
Toggle—49, 61, 219 


Telephone handsets—166e 
Timers—142e, 192 


Transducers 
Pressure—233 
Rotary displacement—146e 
Strain gages—178e 
Thermostats—Back Cover, 15 


Transformers—176e 


Wire and cable—150e, 178, 229 
Coaxial—229 
Hookup—189 
Magnet—4}3, 222, 241 
Power—175e 

Wiring devices 
Cable clamps and clips—194e 
Connectors—Inside back cover, 
c <. 174e, a 195e, 229e 
Ora grips— 
Cord sets—174e, 204 
Plugs and jacks—174e, 229e 
Terminals—180, 194e, 202e, 

219, 230e 

Terminal bloucks—47, 230e 


COMPONENTS, 
MECHANICAL /STRUCTURAL 


Bearings—1, 155, 172e, 233, 235, 


237, 239 
Bushings—211 
Clutches—211 
Couplings—211, 228e 
Dials—215e, 21Ge 
Fasteners 

Bolts and nuts—218e, 221 

Pins—172e 

Iuick-operating—221 

ivets—218e 

Screws—239 
Gears—211, 233 


Housings and _ enclosures—185, 
209e, 212e, 228e 


Knobs, handles—210e, 212e, 229e, 
245 


Mounting hardware—192e 
Nameplates—198 

Plastics parts—178 
Pulleys—191 

Scales—2 l4e 

Shafts—23 le 


Springs—172e 


V-belts—195e 
W ashers—37 


COMPUTERS AND 
COMPUTING COMPONENTS 


138e, 140e, 149, 150e 169e, 171, 
180e, 182e, 19Ge, 198e 234e 


DRAFTING MATERIALS AND 
EQUIPMENT 


Copy materials—12 
Drafting aids—168e 


DRIVES 
Electrical—205 


Mechanical 
Constant speed—217 


Variable speed—27, 172e, 226e 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplifiers—182e, 234e 
Calculators—168e, 200 

Frequency changers—144e 
Generators, electronic—168e, 240e 
Meters—20, 190, 203e, 217, 240e 
Oscilloscopes—2 36e 

Power supplies—137, 175e, 17Ge, 


227 
Recorders—24, 53, 
238e 


Special test equipment—166e, 
168e, 173, 188, 213, 234e, 238e, 
240e, 242e 


Tachometers—204e, 234e 


168e, 23Ge, 


MATERIALS, 
ELECTRICAL /ELECTRONIC 


Conductive materials—36, 206e 
Contact materials—169e 


Insulation and dielectrics 

Casting resins—145, 170e, 203e, 

_ 206e 

Ceramics and glass—63, 66, 
169e, 178e 

Fabricated parts—(see: Serv- 
ices) 

Fabrics—18 

Fiber—170e 

Films—50, 59 

Fluorocarbon resins—18}3 

Foams—170e 

Laminates—168, 172e, 206e 

Molding compounds—25, 165, 
169e, 170e 

Paper—203e, 235 

Pressboard—239 

Slot insulation—2 

Tape—59, 208 

Tubing—59, » 178, 215e 

Varnishes—220 


Magnetic materials 
clectrical steel—30, 46, 151 


Plating solutions—193 
Silicones—59 


Wire and cable—(see: Compon- 
ents, Electrical/Electronic) 


MATERIALS, 
MECHANICAL /STRUCTURAL 


Abrasives, Adhesives—170, 170e, 


02e 


Fabricated parts—(see: Services) 
Metal forms 

Sheeting—172e 

Thermostatic bimetal—212 


Metals 
Alloys, general—172e 
Copper, brass, bronze—-13, 16 
Tin—184 


Non-metallic materials 
Lubricants—169e 


Protective coatings 
Chemical—169e, 234 
Electrodeposited—193 


MOTORS AND GENERATORS 


Fractional-hp motors—35, 39, 57, 
, 147, 153, 156, 202, 217. 
222e, 225e 


Gearmotors—27, 147, 198, 205, 
232 


Generators—159, 172e, 194, 195, 
217 


Integral-hp motors—222e 


Special—164, 172e, 202, 203, 217, 
225e, 248 


Synchronous 
226 


motors—164, 210, 


PRODUCTION EQUIPMENT, 
TOOLS 


Coil winding—172 

Layout fluid—239 

Processing equipment—4, 170 
Wire strippers—213, 237 


SERVICES, MATERIALS AND 
COMPONENT FABRICATION 
Coil winding—237, 245 
Metal fabrication—238 


Other fabrication—19, 66, 
169e, 211, 219, 240 


Plastics fabrication—18, 169, 191, 
213 


154, 


SERVICES, MISCELLANEOUS 
Data processing—41 
Employment—8, 225, 245e 
Purchasing directory—243 
Testing laboratories—168e 
Transportation—31, 237 
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ELECTRO-TECHNOLOGY has a place on its editorial staff for such 
a man, 

The post — Associate Editor — offers to the fellow who qualifies, 
a challenging opportunity to establish a satisfying career in tech- 
nical journalism. 

The responsibilities of the new editor would be quite varied and, 
we think, stimulating. He would prepare staff feature articles based 
on field contacts; evaluate submitted manuscripts; select authors 
and work with them in the development of articles; edit contributed 
articles, and develop his own contributions to departments like 
“Design Trends,” “Research Notes” and “Book Reviews.” 

In this activity he would keep abreast of developments in as- 
signed areas by making field contacts, attending engineering and 
scientific society meetings, and, to keep up with the art, do a con- 
siderable amount of technical reading. 

The man we seek should have some “science” in his educational 
or professional background. He would want to be a B.S. in E.E. 
or Physics plus M.S. (or work toward) in Physics or Mathematics. 
Several years association with a design engineering team (on the 
original equipment level) would be good preparation. And par- 
ticularly helpful would be any development work on electrical /elec- 
tronic systems including computers, communications or machine 
controls. 

Frankly, we don’t expect to find a professional writer. (That 
would be too lucky!) But we do expect our man to have an 
aptitude for writing—demonstrated by some tangible contributions 
to society papers or engineering or research reports. He should also 
be a critical reader of publications in the broad field of this 
magazine, 

Do you know anyone who might fill this bill? If so, won’t you 
get him to send us his resume so we can start the ball rolling 
toward a personal interview? 


Do you know 


an Engineer 
who aspires 
to a Career 
in Technical 
Journalism? 


FRANK J. OLIVER 
Editor 
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4 , Meet 
Standard MIL-P-14 
Sizes, ’ ~ Specs 


AUTOMATION and QUALITY CONTROL 
wovel insures the best in 
1250 St DANO COIL ENCAPSULATION 


Also send us your specifications for quotation on: 
Molded of thermosetting phenolic or urea materials. 


Available in 4 standard sizes with nickel plated brass 
inserts for 4%” or %” diameter shafts. Aluminum deco- 
rative inserts or skirts, etched and filled as desired... 
various anodized finishes, plain or radially spun. Write 
for new catalog illustrating Rogan’s complete line of 
stock molded knobs. 


ROGAN BROTHERS, Inc. 


8027 N. MONTICELLO e SKOKIE, ILL. 


Specializing In Stock Molded Knobs Since 1939 
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BOBBIN COILS @ PAPER INTERLEAVE COILS 
COTTON INTERWEAVE COILS @ FORM WOUND COILS 
COILS FOR HIGH TEMPERATURE APPLICATIONS 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93 Main Street « Winsted, Conn. 
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Need to know 
about 


Casting Resins 

and 
Application 
Techniques 

for 
Embedment, 
Encapsulation 

and 
Impregnation 


? 


In a 52 page reprint booklet— one of | 


the design compendium series—ELEcTRO- 
TECHNOLOGY editors have brought to- 


| 
| 
| 


| 


gether eight previously published articles | 


dealing with the embedment, encapsula- 
tion and impregnation of electronic cir- 
cuit units and components. Individual 
articles cover property data on casting 


resins; evaluation tests on resin systems; | 


results of environmental tests on em- 
bedded units; process-control problems. 
An annotated bibliography of selected 
technical articles on electrical insulation 
provides a useful reference tool for 
checking on basic research and applica- 


tion techniques developed over the past 


decade. 


CONTENTS 


Epoxy-Resin System for Embedded 
Circuits and Components 


Automatic Machines for Cast-Resin 
Applications 


Polyester Casting Resins for Rigid Insu- 
lating Parts 


Problems in Casting Electronic Components 


Effects of High Humidity on Dielectric 
Properties of Casting Resins 


Copper-Inert Flexible Coil Encapsulation 


Environmental Tests for Embedded Elec 
tronic Units 


Resin-Embedment Process for 
Electronic Package Design 


Price: $2.00 
See Order Form on page 162. 


The 
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Electro-Technology 


Formerly Electrical Manufacturing 


205 East 42 Street, 


New York 17, 


N. Y. Telephone: MU 9-3250 
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AMP Incorporated 


Acme-Newport Steel Co., A Sub. of 
Acme Steel 


Air Express Div. of R.E.A. Express 
Akron Porcelain Co. 

Allen-Bradley Co. 64, 
Allied Research Products, Inc. 
American Stock Gear Div., 


Perfection 
Gear a 


Amphenol Connector Div. Amphenol- 


rg Electronics Corp. 
Anaconda American Brass Co . 
Anaconda Wire & Cable Co. 
Armco Steel Corp. 
Arnold Engineering Co., The 


Arrow-Hart & MHegeman Electric Co., 
The . 214, 


Associated Research Inc. 


Automatic Electric, Sub. of General Tele- 
phone & Electronics 1 


B & K Instruments, Inc. 
Barber-Colman Co. 

Beaver Gear Works Inc. . 
Belden Manufacturing Co. 
Bell Telephone Laboratories 
Bodine Electric Co. . 


Borthig Co., Inc., George, Sub. of Stand- 
ard Toch Industries, Inc. . 2 


Bourns, Inc., Trimpot Div. 
Brevel Products Corp. 


of Vocaline Co. of 
hata » aee 


Brush Instruments Div. of Clevite Corp. 53 


Burndy Corp., H. H. Buggie Facili 
foes ™ a Inside ‘Back Cover 


McGraw-Edison 


Bristol Motors Div. 
America, Inc. 


Bussmann Mfg. Div., 
Co. 


Carborundum Co., The 


Century Electric Co. ... 
W. M. Chace Co. 


Chemical Corp., The 234 
Clare & Co., C. P. .. 28, 29 
Clary Corp., Computer Div. 171 
Comar Electric Co. 209 
Conover-Mast Purchasing Directory 243 


Continental-Diamond we Corp., A 
Sub. of The Budd Co. ie 18 


Control Switch Div., Controls Co. of 
America 


Coors Porcelain Co. 

Corning Glass Works . 

Cosmo Plastics Co. 

Coto-Coil Co., Inc 

Cottrell Paper Co., Inc. . 
Cratex Manufacturing Co., Inc 
Crouse-Hinds 

Cubic Corp. 


Cutler-Hammer, Inc. 


Dano Electric Co., The 
Davies Molding Co., Harry ... 


Daystrom, Incorporated, Weston Instru- 
ments Div. 207, 


Delco Radio Div. of General Motors 
Dialight Corp. 
Dormeyer Industries 


du Pont de Nemours & Co., (Inc.), at 


Durant Manufacturing Co. 


Durez Pisssics ‘DW. Hooker Chemical 


Dyasowt, In, A Sub. of Sprague mies 
tric ; 


Drroaics Inc., A sub. of Taylor Fibre 


192 
oot 
Eaton Manufacturing Co., Dynamatic Div. 205 
Thomas. A., 


Eagle Signal Corp. 


Eastern Air Lines 


Edison Industries, Instru- 


ment Div. 


Epic Inc. 
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Eyelet Tool Co., Inc 


Friden, Inc. 


Furnas Electric Co. 


GI Semiconductor Div. of General In- 
strument Corp. 


General Electric Co. 
Apparatus Sales Div 


Chemical Materials Dept. 
Rectifier Components Dept. 
General Industries Co., The 
Globe Tool and Engineering Co., The . 


Guardian Electric Manufacturing Co. 


Handy & Harman 

Hansen Manufacturing Co., Inc. 
Hartwood Glass & Metals Co. 
Haydon Co., The A. W. 
Heinemann Electric Co. 


Helipot Div. of Beckman Snsteumans, 
Besa 


Hewlett-Packard Co. 


Masher Chemical Corp., Durez Plastics 
iv. . 


Hoover Ball and Bearing Co. 


Howard Industries, Inc. . 


IBM, Data Processing 
Ideal Industries, Inc. . 


Indiana Steel Products Div. of Indiana 
General Corp. 


Instrument Specialties Co., Inc 
Insulation Manufacturers Corp. 
paegonetonas Telephone and Telegraph 


Corp., Semiconductor Dept., Compo- 
nents Div. ap 


Kearfott Div., General Precision Inc. 


94, 195 
Kepco Inc. ; » 137 
Kirkwood Commutator Corp. 180 


Kolisman Motor Corp., A Sub. of Stand- 
ard Kolilsman Industries, Inc. 


Krueger & Hudepohl, Inc. 


Lamb Electric Co., The, A Div. of 
American Machine and Metals, Inc. 39 


Ledex, Inc. 
Leece-Neville Co., The, Georgia Div. 
Lovejoy Flexible Coupling Co. 


McGill pieautnsasing Co., 
trical Div. 


McLean Engineering Laboratories 
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Magnetic Metals Co. 
Malayan Tin Bureau, The 


Malco Manufacturing Co. 
Markel & Sons, L. Frank 


Merkle-Korff Gear Co. . 
Micro Switch, a div. of Honeywell .. 60, 
a Molding and Manufacturing ; 


Miller Electric Co. 


Minneapolis- nan, Rubicon oa 
ments .... 


Molon Motor & Coil Corp. 


Motorola Semiconductor Products Inc., 
A Sub. of Motorola, Inc. 


Mueller Brass Co. 
Mystik Adhesive Products, Inc. 


National Acme Co., The 
National Cash Register Co., The e 8 
Natvar Corp. . : oe | 


New Departure, Div. of General Motors 
Corp. ‘ 1 


New Hampshire Ball seen” Inc. 233 
235, 237, 239 


North Shore Nameplate, (A Div. of Ano- 
dyne Inc.) 198 


Ohmite Manufacturing Co. 


Ozalid, A Div. of General Aniline & 
Film Corp, 


PIC Boe Corp., Sub. 
Watch ~» SOG “ey 


Palnut Co., The, Div. of United- on 
Fastener Corp. .... 


Permacel . 


Phelps Dodge Copper Products Corp., 
Inca Bode Copper. Div. Bog 


Plastic Capacitors, Inc. 


Potter & Brumfield, Inc., Div. of Ameri- 
can Machine & Foundry Co 


Republic Steel 

Robbins & Myers, Inc. 

Rogan Brothers, Inc. 

Rome Cable Div. of Alcoa ....... 174, 
Berd. Electric Corp., An Associate of 


Sangamo Electric Co. 

Sarkes Tarzian, Inc., Semiconductor Div. 
Shakeproof Div. of Illinois Tool Works . 
Sorensen, A Sub. of Raytheon Co. . 
Spectro! Electronics Corp. 


FAST DELIVERY FROM STOCK 
HUNDREDS OF MODELS 
CUSTOM DESIGNING 


Also a complete line 
of fractional horsepower motors 


WRITE TODAY fi 
44 P Pack ° 
Coola Coto TE 


ENGINEERING 
McLEAN LABORATORIES 
World Leader in Packaged Cooling 


Princeton, N. J. «+ WAlnut 4-4440 
TWX Princeton, New Jersey 636 
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TIROS 


FALCON 
CORVUS 


NIKE HERCULES 


TAIOS 
PIONEER 


SIDEWINDER 
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TIME TO TRAVEL... in a bird, or elsewhere, this A. W. Haydon timing 
motor is unique. We married our successful Vanguard || sub-miniature DC | 
motor, for power; to a tiny new version of our well known (and patented) chrono- 
metric governor, for precision. Result: it will drive miniature tape record- | 
ers, printed circuit commutators, potentiometers, and such things...and 
hold its speed to within + 0.1% of the speed you want, even if the shaft 
load, line voltage and ambient temperature vary widely. It weighs a mere | 
two ounces and measures less than 134” x 15/,”, yet delivers at least 30 
ounce-inches of torque at 1 rpm. For full information on this #14600 motor, 
or any other sort of timing device, electronic or motor driven, just write. | 


AWH — — 


234 NORTH ELM STREET, WATERBURY, CONNECTICUT | 
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Sprague Electric Co. 
Square D Co. 

Stackpole Carbon Co. 
Star Porcelain Co., The 
Stearns Electric Corp. 


Sterling Electric Motors, Inc., A Sub. of 
Hathaway Instruments, Inc. ..... 26, 27 
Stevens Manufacturing Co., Inc. .. Back Cover 


Stromberg-Carlson, 
ynamics 


Struthers-Dunn, Inc. 


Switchcraft Inc. 


Taber Instrument Corp. 
Taylor Fibre Co. 
Tektronix, Inc. 188 


Transitron Electronic 
Corp. Inside Front Cover 


Unimax Switch 
Corp. 


Union Carbide Plastics Co., Div. of 
Union Carbide Corp. 


United Shoe Machinery Corp. ... 


United States Graphite Co., The, Div. of 
The Wickes Corp. ie oe prin i tak 1 


Wagner Electric Corp. 
Walker Co., George . 
Ward Leonard Electric Co. ........ 


Westinghouse Electric Corp., Semicon- 
ductor Dept. ; i. a 


oe, 


West Virginia Pulp 
Board Products Sales ... 


Wire Stripper Co. . 


Wisconsin Porcelain Co. 


Other CONOVER-MAST Publications 


Business/Commerical Aviation 
Construction Equipment 

The Boating Industry 

Mill & Factory 

Purchasing 

Space/Aeronautics 

Volume Feeding Management 
Conover-Mast Purchasing Directory 
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Reader Inquiry Service 





ONE Reader Inquiry Service post card—king 
size for legibility—will bring you additional in- 
formation regarding anything published in this 
issue. That goes for both advertising and editorial 
pages. 

Each editorial item and advertisement has been 
assigned a key number. Corresponding numbers 
appear in the respective grouping of the Reader 
Inquiry Service postcards on these pages. 

Simply circle the numbers that apply to specific 
items in which you are interested. Your informa- 
tion requests will be forwarded promptly—within 
48 hours of receipt of card. To expedite, please 
print or type your name and address. 


Cards will be processed by Publisher 
if received by April 1, 1961. 
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e Advertised Preducts 


Want more information on products advertised? 
Circle number indicated for each advertisement. 


@ Reprints of Editorial Features 
Article reprints available without charge are listed 
on page 160. For Science & Engineering reprints, 
see Order Form on page 163. 

e New Literature 


Latest catalog and bulletin offerings starting on 
page 166. 


@ New Component; and Materials 


Reviews of new developments starting on page 
182. 
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ADVERTISED PRODUCTS OR SERVICES 357 390 423 456 | NEW COMPONENTS soe 636 656 696 852 
401 133 165 197 229 261 293 325 358 391 424 457 | 501 520 539 558 577 597 617 637 657 697 717 737| 756 775 813 833 853 
102 134 166 198 230 262 294 326 359 392 425 458 | 502 521 540 559 578 S98 618 638 658 698 718 738 | 757 776 814 834 854 
103 135 167 199 231 263 295 327 360 393 426 459 | 503 522 541 S60 579 S99 619 639 659 679 699 719 739 7 835 855 
104 136 168 200 232 264 296 328 361 304 427 460 | 504 523 542 561 580 600 620 640 660 680 700 720 740 836 856 
105 137 169 201 233 265 297 329 362 395 428 461 | 50S 524 S43 S62 581 601 621 641 661 681 701 721 741 837 857 
106 138 170 202 234 266 298 330 363 396 420 462 | 506 525 544 563 582 602 622 G42 662 682 702 722 742 838 858 
107 139 171 203 235 267 299 331 364 397 430 463 | 507 526 545 S64 S83 603 623 643 663 683 703 723 743 838 859 
108 140 172 204 236 268 300 332 365 398 431 464 | S08 527 546 565 584 604 624 644 664 G84 704 724 744 82 840 860 
108 141 173 205 237 268 301 333 308 399 432 465 | S09 528 S47 S66 S85 GOS 625 645 665 68S 705 725 745-| 764 783 841 861 
110 142 174 206 238 270 302 334 367 400 433 466 529 548 567 S86 G06 626 G46 G86 686 706 726 746 | 765 784 842 862 
111 143 175 207 239 271 303 396 268 401 434 467 530 549 568 587 607 627 647 667 687 707 727 747 | 766 785 843 863 
112 144° 176 208 240 272 304 396 369 402 435 468 531 550 569 S88 GOS 628 648 668 G88 708 728 748 | 767 786 844 864 
113 148 177 209 241 273 305 337 370 403 436 469 532 551 S70 589 G09 629 649 G69 G89 709 729 749.| 769 787 845 865 
114 148 178 210 242 274 306 338 371 404 437 470 533 552 571 590 610 630 650 670 690 710 730 750 | 769 708 046 866 
115 147 179 21 243 275 307 389 372 405 438 471 534 553 572 591 G11 631 651 671 691 711 731 751 | 770 789 847 967 
118 148 180 212 244 276 308 340 373 406 439 472 535 554 573 582 G12 632 652 672 682 712 752 | 771 790 248 868 
117 149 181 213 245 277 309 341 374 407 440 473 536 555 574 593 613 633 653 673 693 753 | 772 791 849 869 
118 150 182 214 248 278 310 342 375 408 441 474 537 556 575 594 614 634 654 694 754 | 773 792 850 870 
119 151 183 215 247 279 311 343 376 409 442 475 538 557 576 585 615 635 655 695 755 | 74 793 851 871 
120 152 184 216 268 280 312 344 377 410 443 476 soa oe ns ee det 
121 183 185 217 249 201 313 345 978 411 444 ATT | ty ne gas ons vaca 
122 154 106 218 250 282 314 346 379 412 45 478 | pep sir oxmnen 
123 155 187 219 251 283 315 347 380 413 446 479 
124 156 188 220 252 284 316 348 381 414 447 480 
125 157 189 221 253 285 317 349 382 415 448 481 
Individual 

126 158 190 222 254 286 318 350 383 416 449 482 
127 159 191 223 255 287 319 351 284 417 450 483 Title Dept. or Div. 
128 160 192 224 256 288 320 352 385 418 451 484 
129 161 193 225 257 269 321 353 386 419 452 485 Company 
130 162 194 226 258 290 322 354 387 486 ca Ciy — — 
131 163 195 227 259 291 323 355 388 487 
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123 155 187 219 251 283 315 


Individual 


357 423 596 656 832 952 
101 133 165 197 229 261 293 325 358 424 501 520 539 597 657 833 853 
102 134 166 198 230.262 294 326 359 425 502 521 540 559 578 508 618 638 658 834 854 
103 135 167 199 231 263 295 327 360 426 503 522 541 560 579 599 619 639 659 679 699 718 835 855 
104 136 168 200 232 264 296 328 361 427 460 | 504 523 542 561 580 600 620 640 660 680 720 836 856 
105 137 169 201 233 265 297 329 362 428 461 | S05 524 543 562 581 601 621 661 681 721 837 857 
106 138 170 202 234 266 298 330 363 429 462 | 506 525 544 563 582 602 622 642 662 682 702 722 838 958 
107 139 171 203 235 267 299 331 364 430 463 | 507 526 545 564 583 603 623 643 663 683 703 723 839 959 
108 140 172 204 236 268 300 332 365 431 464 | 508 527 546 565 584 604 624 644 664 684 704 724 840 860 
108 141 173 205 237 269 301 333 366 432 465 | S09 528 547 S66 585 GOS 625 645 665 685 705 725 841 861 
110 142 174 206 238 270 302 334 367 433 466 | 510 529 548 567 586 GOS 626 646 666 G86 706 726 842 962 
111 143 175 207 239 271 303 335 368 434 467 | 511 530 549 S68 587 G07 627 647 667 687 707 727 843 963 
112 144 176 208 240 272 304 396 369 435 468 | 512 531 550 S69 Ses Gos 628 ees 688 728 844 864 
113 145 177 209 241 273 305 337 370 436 469 | 513 522 551 570 589 609 629 649 669 689 709 729 845 865 
114 146 178 210 242 274 306 338 371 437 470 | 514 533 552 571 590 610 630 650 670 690 710 730 846 866 
115 147 179 211 243 275 307 339 372 438 534 553 611 631 671 691 731 847 967 
116 148 180 212 244 276 308 340 373 439 535 554 G12 632 652 672 682: 712 732 808 828 848 868 
117 149 181 213 245 277 309 341 374 440 536 555 633 673 693 733 849 869 
118 150 182 214 246 278 310 342 375 4at 537 558 634 654 674 694 714 734 850 870 
119 151 183 215 247 279 311 343 442 538 557 635 655 675 695 715 735 851 871 
oe oe oe oe - REPRINTS 907 910 913 916 919 922 925 
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The Better Our Product, 


STIMU ERIC Ay 


The More You Benefit! 


Did you know that product ae: a function So 
the design engineering activity, its coun’ 

in technical publishing? Here at ELEcrRo- 
Goauenesr such “product” testing takes the 
form of continuing Reader Reaction studies. 

Every month we submit a sample of the feature 
editorial content of the current issue for review 
to a cross-section of our total reader audience— 
actually about every 25th name on the circulation 
roster. “Which articles were of specific interest 
to you?”, we ask. “About how much of the main 
text of the article did you read?” 

When the reports are all in, the composite 
reaction of readers to each article is critically 
reviewed by the editors and publisher. The “per- 
formance” of each article is weighed, as are the 
subject interests of readers in all major product 
categories. (Obviously, in a field as broad as this, 


certain technical factors may hold major interest 


BUSINESS REPLY MAIL 
No Postage Stamp Necessary if Mailed in the United States 


POSTAGE WILL BE PAID BY 


Electro-Technology 


205 East 42 Street 
NEW YORK 17, N. Y. 


for a specialized group of readers. This interest 
is pinpointed in the reader analysis by product 
categories. ) 

Thus audience tested, each monthly issue serves 
as a springboard for better editorial planning 
and commensurate future benefit to you, the 
reader. Similar studies are conducted with respect 
to advertising content, since we regard advertising 
as being complementary to the editorial text and 
often of equal value to the reader. Seven such 
studies are projected for 1961, the first of these 
covering the January issue. 

If you are one of the random-sclected group 
of readers to receive our Reader Reaction Study 
forms (either on the editorial or advertising con- 


. tent), do please give them your prompt attention. 


Your answers will be of great help in making 
future issues of this magazine of maximum value 
to you and your colleagues. 
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most 
complete 
line 


SOLDER 

AND 
SOLDERLESS 
TERMINATIONS 


FREE—36-page Catalog 
In addition to many standard 
Series EC connectors, twelve 
pages of connectors for special 
applications are illustrated. 


H. H. BUGGIE 
FACILITY 


OMATON DIVISION 
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BURNDY 


P. O. BOX 817, TOLEDO 1, OHIO 
Circle 102 on Inquiry Card 


NOW IN 
MASS PRODUCTION 


Series EC provides the largest 
selection in the industry... at no 
tooling cost to you. 


FOR BOARD OR 

TAPE APPLICATION 

Buggie Printed Circuit Standard 
Connectors are available in Card 
Receptacles, Terminal Strips, and 
Terminal Connector Strips of 
one-piece body construction—in 10, 
15, 18 and 22 contact configurations. 


Swingflex contacts have high flexing 
strength with positive area contact. 
Four types of terminations are 
standard—solder dip, taper tab 
terminal, wire wrap and solder eye. 
Series EC Connectors more than 
meet Specifications MIL-C-8384 
(USAF). Minimum creep 3/23 inch. 
Working volts 550 a-c. Working volts 
770 d-c. Test voltage 1650 volts rms. 
Flash-over 2250 volts rms. 
Thousands of SERIES EC connectors 
are in daily use in critical 
applications. 


WIRE WRAP TERMINATIONS 


TAPER TAB TERMINATIONS 


BURNDY STAPIN CONTACTS 


SOLDER DIP 
CONTACTS 








and Beyond ye 











a 


SIRENS te fare NIK 


2 to OF Differential RY CU Tok Tae i 
?° to 4°F Differential Special 


“Maximum spread of 6°F 
including differential and tolerance 
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